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HISTORICAL records tell us that sanitation began with 
the civilization of man, and we find from Biblical rec- 
ords that Moses enunciated some forms of such, but 
never in the history of the world has so much attention been 
given to the sanitary conditions of municipalities as has char- 
acterized the past few years. Not a day passes but that brings 
to light new efforts on the part of the public officials and com- 
mercial enterprises of various kinds in behalf of public welfare. 

C Every community and every individual with a semblance of 
progress is now engaged in one form or other of sanitary in- 
vestigations and improvement. They realize that these profes- 
sions are absolutely indispensable to civilization and now appre- 
ciate the untold value of pure air, pure water, the convenience 
and comfort of an adequate domestic hot water supply, modem 
sanitary fixtures, good drainage, sewerage, and sewage disposal, 
proper systems of steam, hot air, hot water and vapor heating, 
and speedy and efficient garbage collection and disposal. 

C This is an age of new things. Present progress is just the 
beginning of what may be anticipated in these professions in 
the coming years. The enormous increase in population and 
the crowding together of masses of people on small areas have 
made our work very complex; so that whereas we used to speak 
of Sewage Disposal - which really means getting rid of the 
sewage — we are now concentrating our thoughts on Sewage 
Purification. The same statement applies to Water Swpply, 
for a pure source can rarely be found these days, so we turn 
our attention to Purified Water. Again, the term Garbage 
Disposal interests us no longer, and we now do our utmost 
to destroy the garbage as quickly as possible without nuisance. 

C Sanitary engineering can boast of wonderful scientific 
accomplishments and has rightly been termed ''The Handmaid 
of Civilization." It enabled the Panama Canal to be built by 
eliminating yellow fever from the Canal Zone. It banished the 
deadliest enemy — Disease — in the European War, and lowered 
the death rate during the past sixty years by sixty per cent. 



C All factory, office, and store managers now realize that there 
can be no efficiency in their stores or plants unless a perfect 
system of heating and ventilation is in existence. One of our 
largest mercantile concerns compiled statistics to ascertain the 
amount of money they were losing through colds contracted by 
their employes. It cost the firm twenty-five dollars every time 
one of their employes caught cold, and colds are brought about 
by inefficient ventilation. 

C Another large concern in Baltimore rented a new and modem 
building which was looked upon as the acme of perfection. 
During the first two winters, twenty-seven per cent of the 
employes were ill. An efficiency expert was called in, who dis- 
covered defects in the heating and ventilation system. When 
these defects were rectified, the sickness fell to seven per cent, 
or a reduction of nearly four times. 

€L Notwithstanding the truly wonderful progress and splendid 
improvements made in these professions the past few years, 
there are countless and stupendous opportunities for us to do 
beneficial and noble work at this time. 

C There are over twenty million buildings in the United States 
—millions of them with antiquated plumbing, and millions of 
others that have no plumbing whatever. Again, there are 
six-and-one-half millions of a type that should be radiator 
heated. Of the number already heated, ninety per cent are 
prospects for improvements in the efficiency of their heating 
plants. 

€L Quite recently a State Board of Health made a survey of 
the agricultural counties to ascertain the relation that prevails 
between health and farm sanitation, and they classed 206 farm 
houses sanitary, and 1068 unsanitary, and similar conditions 
exist in every rural district. However, the communities in these 
districts now realize that they can have in their homes all the 
modern sanitary appliances, which give them comfort and con- 
venience previously undreamed of. 

€L In conclusion, let us say that all those entering upon or 
actually engaged in the sanitary, heatihg, and ventilation pro- 
fessions should realize the magnitude and importance of the 
work, their responsibilities to the community, and the necessity 
for continual study of these most important subjects. 
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HEATING AND VENTILATION 

PAET I 



SYSTEMS OF WARMING 

Any system of warming must include, prst, the combustion 
of fuel, which may take place in a fireplace, stove, or furnace, or a 
steam, or hot-water boiler; seccrnd, a system of transmission, by means 
of which the heat may be carried, with as little loss as possible, to the 
place where it is to be used for warming; and third, a system of dif- 
fusion, which will convey the heat to the air in a room, and to its 
walls, floors, etc., in the most economical way. 

Stoves. The simplest and cheapest fonn of heating is the stove. 
The heat is diffused by radiation and convection directly to the objects 
and air in the room, and no special system of transmission is required. 
The stove is used largely in the country, and is especially adapted 
to the wanning of small dwelling-houses and isolated rooms. 

Furnaces. Next in cost of installation and in simplicity of 
operation, is the hot-air furnace. In this method, the air is drawn 
ovefT heated surfaces and then transmitted through pipes, while at 
a high} temperature, to the rooms where heat is required. Furnaces 
are used largely for warming dwelling-houses, also churches, halls, 
and schoolhouses of small size. They are more costly than stoves, 
but have certain advantages over that form of heating. They require 
less care, as several rooms may be warmed from a single furnace; 
and, being placed in the basement, more space is available in the 
rooms above, and the dirt and litter connected with the care of a stove 
are largely done away with. They require less care, as only one fire 
is necessary to warm all the rooms in a house of ordinary size. One 
great advantage in the furnace method of warming comes from the 
constant supply of fresh air which is required to bring the heat into 
the rooms. While this is greatly to be desired from a sanitary stand- 
point, it calls for the consumption of a larger amount of fuel than 
would otherwise be necessary. This is true because heat is required 
to warm the fresh air from out of doors up to the temperature of the 
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2 HEATING AND VENTILATION 

rooms, in addition to replacing the heat lost by leakage and oonductioii 
through walb and windows. 

A more even temperature may be maintained with a furnace 
than by the use of stoves, owing to the greater depth and size of the 
fire, which allows it to be more easily controlled. 

When a building is placed in an exposed location, there is often 
difficulty in warming rooms on the north and west sides, or on that 
side toward the prevailing winds. This may be overcome to some ex- 
tent by a proper location of the furnace and by the use of extra laige 
pipes for conveying the hot air to those rooms requiring special at- 
tention. 

Direct Steam. Direct steam, so called, is widely used in all 
classes of buildings, both by itself and in combination with other 
systems. The first cost of installation is greater than for a furnace; 
but the amount of fuel required is less, as no outside air supply is 
necessary. If used for warming hospitals, schoolhouses, or other 
buildings where a generous supply of fresh air is desired, this method 
must be supplemented by some form of ventilating system. 

One of the principal advantages of direct steam is the ability 
to heat all rooms alike, regardless of their location or of the action 
of winds. 

When compared with hot-water heating, it has still another 
desirable feature — ^which is its freedom from damage by the freezing 
of water in the radiators when closed, which is likely to happen in 
unused rooms during very cold weather in the case of the former 
system. 

On the other hand, the sizes of the radiators must be proportioned 
for warming the rooms in the coldest weather, and unfortunately 
there is no satisfactory method of regulating the amount of heat in 
mild weather, except by shutting off or turning on steam in the radia- 
ators at more or less frequent intervals as may be required, unless one 
of the expensive systems of automatic control is employed. In large 
rooms, a certain amount of regulation can be secured by dividing 
the radiation into two or more parts, so that different combinations 
may be used under varying conditions of outside temperature. If 
two radiators are used, their surface should be proportioned, when 
convenient, in the ratio of 1 to 2, in which case one-third, two-thirds» 
or the whole power of the radiation can be used as desired. 
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HEATING AND VENTILATION 3 

Indirect Steam. This system of heating combines some of the 
aclvantages of both the furnace and direct steam, but is more costly 
to install than either of these. The amount of fuel required is about 
the same as for furnace heating, because in each case the cool fresh 
air must be warmed up to the temperature of the room, before it can 
become a medium for conveying heat to offset that lost by leakage 
and conduction through walls and windows. 

A system for indirect steam may be so designed that it will supply 
a greater quantity of fresh air than the ordinary form of furnace, in 
which case the cost of fuel will of course be increased in proportion to 
the volume of air supplied. Instead of placing the radiators in the 
rooms, a special form of heater is supported near the basement ceiling 
and encased in either galvanized iron or brick. A cold-air supply 
duct is connected with the space below the heater, and warm air pipes 
are taken from the top and connected with registers in the rooms to 
be heated the same as in the case of furnace heating. 

A separate stack or heater may be provided for each register if 
the rooms are large; but, if small and so located that they may be 
reached by short nms of horizontal pipe, a single heater may serve 
for two or more rooms. * 

The advantage of indirect steam over furnace heating comes from 
the fact that the stacks may be placed at or near the bases of the flues 
leading to the different rooms, thus doing away with long, horizontal 
runs of pipe, and counteracting to a considerable extent the effect of 
wind pressure upon exposed rooms. Indirect and direct heating are 
often combined to advantage by using the former for the more import- 
ant rooms, where ventilation is desired, and the latter for rooms more 
remote or where heat only is required. 

Another advantage is the large ratio between the radiating sur- 
face and grate-area, as compared with a furnace; this results in a large 
volume of air being warmed to a moderate temperature instead of a 
smaller quantity being heated to a much higher temperature, thus 
giving a more agreeable quality to the air and rendering it less dry. 

Indirect steam is adapted to all the buildings mentioned in con- 
nection with furnace heating, and may be used to much better advan- 
tage in those of large size. This applies especially to cases where 
more than one furnace is necessary; for, with steam heat, a single 
boiler, or a battery of boilers, may be made to supply heat for a build- 
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i HEATING AND VENTILATION 

ing of any size, or for a group of several buildings^ if desired^ and is 
much easier to care for than several furnaces widely scattered. 

Direct-Indirect Radiators. These radiators . are placed in the 
room the same as the ordinary direct type. The construction is such 
that when the sections are in place, small flues are formed between 
them; and air, being admitted through an opening in the outside wall, 
passes upward through them and becomes heated before entering the 
room. A switch damper is placed in the casing at the base of the 
radiator, so that air may be taken from the room itself instead of 
from out of doors, if so desired. Radiators of this kind are not used 
to any great extent, as there is likely to be more or less leakage of coM 
air into the room around the base. If ventilation is required, it is 
better to use the regular form of indirect heater with flue and register, 
if possible. It is sometimes desirable to partially ventilate an isolated 
room where it would be impossible to run a flue, and in cases of this 
kind the direct-indirect form is often useful. 

Direct Hot Waten Hot water is especially adapted to the warm- 
ing of dwellings and greenhouses, owing to the ease with which the 
temperature can be regulated. When steam is used, the radiators are 
always at practically the same temperature; while with hot water the 
temperature can be varied at will. A system for hot-water heating 
costs more to install than one for steam, as the radiators must be larger 
and the pipes more carefully run. On the other hand, the cost of 
operating is somewhat less, because the water need be carried only at 
a temperature sufficiently high to warm the rooms properly in mild 
weather, while with steam the building is likely to become overheated, 
and more or less heat wasted through open doors and windows. 

A comp£(,rison of the relative costs of installing and operating hot- 
air, steam, and hot-water systems, is given in Table I. 

TABLE 1 
Relative Cost of Heatins: Systems 





Hot Air 


Steam 


Hot Water 


Relative cost of apparatus 

Relative cost, aaoing repairs and fuel 

for five years 
Relative cost, adding repairs and fuel for 

fifteen years 


9 
81 


13 

29} 

63 


15 
27 
52} 
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One disadvantage in the use of hot water is the danger from 
freezing when radiators are shut off in unused rooms. This makes 
it necessary in very cold weather to have all parts of the system turned 
on sufficiently to produce a circulation, even if very slow. This is 
sometimes accomplished by drilling a very small hole (about J inch) 
in the valve-seat, to that when closed there will still be a very slow 
circulation through the radiator, thus preventing the temperature of 
the water from reaching the freezing point. 

Indirect Hot Water. This is used under the same conditions as 
indirect steam, but more especially in the case of dwellings and hospi- 
tals. When applied to other and larger buildings, it is customary to 
force the water through the mains by means of a pump. Larger 
heating stacks and supply pipes are required than for steam; but the 
arrangement and size of air-flues and registers are practically the 
same, although they are sometimes made slightly larger in special cases. 

Exhaust Steam. Exhaust steam is used for heating in connection 
with power plants, as in shops and factories, or in office buildings 
which have their own lighting plants. There are two methods of 
using exhaust steam for heating purposes. One is to carry a back 
pressure of 2 to 5 pounds on the engines, depending upon the length 
and size of the pipe mains ; and the other is to use some form of va/mum 
system attached to the returns or air-valves, which tends to reduce 
the back pressure rather than to increase it. 

Where the first method is used and a back pressure carried, either 
the boiler pressure or the cut-off of the engines must be increased, to 
keep the mean effective pressure the same and not reduce the horse- 
power delivered. In general it is more economical to utilize the ex- 
haust steam for heating. There are instances, however, where the 
relation between the quantities of steam required for heating and for 
power are such — especially if the en^nes are run condensing — ^that 
it is better to throw the exhaust away and heat with live steam. 
Wlere the vacuum method is used, these difficulties are avoided; and 
for this reason that method is coming into quite common use. 
If the condensation from the exhaust steam is returned to the 
boilers, the oil must first be removed; this is usually accomplished by 
passing the steam through some form of grease extractor as it leaves 
the engine. The water of condensation is often passed through a 
separating tank in addition to this, before it is dell 'ered to the return 
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pumps. It is better, however, to remove a portion of the oil before 
the steam enters the heating system; otherwise a coating will be formed 
upon the inner surfaces of the radiators, which will reduce their 
eflSciency to some extent. 

Forced Blast. This method of heating, in different forms, is 
used for the warming of factories, schools, churches, theaters, halls — 
in fact, any large building where good ventilation is desired. The 
air for warming is drawn or forced through a heater of special design, 
and discharged by a fan or blower into ducts which lead to registers 
placed in the rooms to be warmed. The heater is usually made up in 
sections, so that steam may be admitted to or shut off from any section 
independently of the others, and the temperature of the air regulated 
in this manner. Sometimes a by-pass damper is attached, so that 
part of the air will pass through the heater and part around or over it; 
in this way the proportions of cold and heated air may be so adjusted 
as to give the desired temperature to the air entering the rooms. These 
forms of regulation are common where a blower is used for warming 
a single room, as in the case of a church or hall; but where several 
rooms are warmed, as in a schoolhouse. it is customary to use the 
main or primary heater at the blower for warming the air to a given 
temperature (somewhat below that which is actually required), and 
to supplement this by placing secondary coils or heaters at the bottoms 
of the flues leading to the different rooms. By means of this arrange- 
ment, the temperature of each room can be regulated independently 
of the others. The so-called dovhle-dvjct system is sometimes employed. 
In this case, two ducts are carried to each register, one supplying hot 
air and the other cold or tempered air; and a damper for mixing these 
in the right proportions is placed in the flue, below the register. 

Electric Heating. Unless electricity can be produced at a very 
low cost, it is not practicable for heating residences or large buildings. 
The electric heater, however, has quite a wide field of application iij 
heating small offices, bathrooms, electric cars, etc. It is a convenient 
method of warming isolated rooms on cold mornings, in late spring and 
early fall, when the regular heating apparatus of the building is not in 
operation. It has the advantage of being instantly available, and the 
amount of heat can be regulated at will. Electric heaters are clean, 
do not vitiate the air, and are easily moved from place to place. 

16 



HEATING AND VENTILATION 7 

PRINCIPLES OF VENTILATION 

Closely connected with the subject of heating is the prcblem of 
maintaining air of a certain standard of purity in the various buildings 
occupied. 

The introduction of pure air can be done properly only in con- 
nection with some system of heating;, and no system of heating is 
complete without a supply of pure air, depending in amount upon the 
kind of building and the purpose for which it is used. 

Composition of the Atmosphere. Atmospheric air is not a simple 
substance but a mechanical mixture. Oxygen and nitrogen, the 
principal constituents, are present in very nearly the proportion of one 
part of oxygen to four parts of nitrogen by weight. Carbonic acid gas, 
the product of all combustion, exists in the proportion of 3 to 5 parts 
in 10,000 in the open country. Water in the form of vapor, varies 
greatly with the temperature and with the exposure of the air to open 
bodies of water. In addition to the above, there are generally present, 
in variable but exceedingly small quantities, ammonia, sulphuretted 
hydrogen, sulphuric, sulphurous, nitric, and nitrous acids, floating 
organic and inorganic matter, and local impurities. Air also contains 
ozone, which is a peculiarly active form of oxygen; and lately another 
constituent called argon has been discovered. 

Oxygen is the most important element of the air, so far as both 
heating and ventilation are concerned. It is the active element in the 
chemical process of combustion and also in the somewhat similar 
proems which takes place in the respiration of human beings. Taken 
into the lungs, it acts upon the excess of carbon in the blood, and pos- 
sibly upon other ingredients, forming chemical compounds which are 
thrown off in the act of respiration or breathing. 

Nitrogen, The principal bulk of the atmosphere is nitrogen, 
which exists uniformly diffused with oxygen and carbonic acid gas. 
This element is practically inert in all processes of combustion or 
respiration. It is not affected in composition, either by passing through 
a furnace during combustion or through the lungs in the process of 
respiration. Its action is to render the oxygen less active, and to 
absorb some part of the heat produced by the process of oxidation. 

Carbonic add gas is of itself only a neutral constituent of the 
atmosphere, Hke nitrogen; and — contrary to the general impression — 
its presence in moderately large quantities (if uncombined with other 
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substances) is neither disagreeable nor especially harmful. Its 
presence, however, in air provided for respiration, decreases the readi- 
ness with which the carbon of the blood unites with the oxygen of the 
air; and therefore, when present in sufficient quantity, it may cause 
indirectly, not only serious, but fatal results. The real harm of a 
vitiated atmosphere, however, is caused by the other constituent 
gases and by the minute organisms which are produced in the process 
of respiration* It is known that these other impurities exist in fixed 
. proportion to the amount of carbonic acid present in an atmosphere 
vitiated by respiration. Therefore, as the relative proportion of 
carbonic acid can easily be determined by experiment, the fixing of a 
standard limit of the amount in which it may be allowed, also limits the 
amounts of other impurities which are found in combination with it. 

• When carbonic acid is present in excess of 10 parts in 10,000 
parts of air, a feeling of weariness and stuffiness, generally accompanied 
by a headache, will be experienced; while with even 8 parts in 10,000 
parts a room would be considered close. For general considerations 
of ventilation, the limit should be placed at 6 to 7 parts in 10,000, thus 
allowing an increase of 2 to 3 parts over that present in outdoor air, 
which may be considered to contain four parts in 10,000 under ordi- 
nary conditions. 

Analysis of Air. An accurate qualitative and quantitative 
analysis of air samples can be made only by an experienced chemist. 
There are, however, several approximate methods for determining 
the amount of carbonic acid present, which are sufficiently exact for 
practical purposes. Among these the following is one of the simplest : 

The necessary apparatus consists of six clean, dry, and tightly 
corked bottles, containing respectively 100, 200, 250, 300, 350, and 400 
cubic centimeters, a glass tube containing exactly 15 cubic centimeters 
to a given mark, and a bottle of perfectly clear, fresh limewater. The 
bottles should be filled with the air to be examined by means of a hand- 
ball syringe. Add to the smallest bottle 15 cubic centimeters of the 
limewater, put in the cork, and shake well. If the limewater has a 
milky appearance, the amount of carbonic acid will be at least 16 
parts in 10,000. If the contents of the bottle remain clear, treat the 
bottle of 200 cubic centimeters in the same manner; a milky appear- 
ance or turbidity in this would indicate 12 parts in 10,000. In a 
similar manner, turbidity in the 250 cubic centimeter bottle indicates 
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10 parts in 10,000; in the 300, 8 parts; in the 350, 7 parts; and in the 
400, less than 6 parts. The ability to conduct more accurate analyses 
can be attained only by special study and a knowledge of chemical 
properties and of methods of investigation. 

Another method similar to the above, makes use of a glass 
cylinder containing a given quantity of limewater and provided with a 
piston. A sample of the air to be tested is drawn into the cylinder by 
an upward movement of the piston. The cylinder is then thoroughly 
shaken, and if the limewater shows a milky appearance, it indicates 
a certain proportion of carbonic acid in the air. If the limewater 
remains clear, the air is forced out, and another cylinder full drawn in, 
the operation being repeated until the limewater becomes milky. 
The size of the cylinder and the quantity of limewater are so propor- 
tioned that a change in color at the first, second, third, etc., cylinder 
full of air indicates different proportions of carbonic acid. This test 
is really the same in principle as the one previously described; but the 
apparatus used is in more convenient form. 

Air Required for Ventilation. The amount of air required to 
maintain any given standard of purity can very easily be determined, 
ph)vided we know the amount of carbonic acid given off in the process 
of respiration. It has been found by experiment that the average 
production of carbonic acid by an adult at rest is about .6 cubic foot 
per hour. If we assume the proportion of this gas as 4 parts in 10,000 
in the external air, and are to allow 6 parts in 10,000 in an occupied 
room, the gain will be 2 parts in 10,000; or, in other words, there will 

2 

be ^^^ww. = .0002 cubic foot of carbonic acid mixed with each cubic 
10,000 

foot of fresh air entering the room. Therefore, if one person gives 

off .6 cubic foot of carbonic acid per hour, it will require .6 -^ .0002 

= 3,000 cubic feet of air per hour per person to keep the air in the 

room at the standard of purity assumed — ^that is, 6 parts of carbonic 

acid in 10,000 of air. 

Table II has been computed in this manner, and shows the 

amount of air which must be introduced for each person in order to 

maintain various standards of purity. 

While this table gives the theoretical quantities of air required 
for different standards of purity, and may be used a^ a guide, it will be 
better in actual practice to use quantities which experience has shown 
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to give good results in different types of buildings. In auditoriums 
where the cubic space per individual is large, and in which the atmos- 
phere is thoroughly fresh before the rooms are occupied, and the 
occupancy is of only two or three hours' duration, the air-supply may 
be reduced somewhat from the figures given below. 

TABLE II 
Quantity of Air Required per Person 



Standard Parts or Carbonic 
Acid in 10,000 or Air 


Cubic Feet or Air Rbqvired rm PBRsoir 


IN Room 


Per Minute 


Per Hour 


5 
6 
7 
8 
9 
10 


100 
50 
33 
26 
20 
16 


6,000 
3,000 
2,000 
1,500 
1,200 
1,000 



Table III represents good modem practice and may be used 
with satisfactory results : 

TABLE III 
Air Required for Ventilation of Various Classes of Buildings 



AiR-SuppLT PER Occupant for 



Hospitals 

High Schools 

Grammar Schools 

Theaters and Assembly Halls 

Churches 



Cubic Feet peb 
Minute 



80 to 100 

50 

40 

25 

20 



Cubic Feet pek 
Hour 



4, 800 to 6, 000 

3,000 

2,400 

1,500 

1,200 



When possible, the air-supply to any given room should be based 
upon the number of occupants. It sometimes happens, however, 
that this information is not available, or the character of the room is 
such that the number of persons occupying it may vary, as in the case 
of public waiting rooms, toilet rooms, etc. In instances of this kind, 
the required air-volume may be based upon the number of changes 
per hour. In using this method, various considerations must be taken 
into account, such as the use of the room and its condition as to crowd- 
ing, character of occupants, etc. In general, the following will be 
found satisfactory for average conditions : 
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TABLE IV 
Number of ChansM of Air Reqidrad In Varloiu Rooms 



Ubb or Book 


CaANQBa or Atm m Horn 


Public Waiting Room 


4 to 5 


PubUc Toilets 


5" 6 


Coat &nd Locker Roonu 


4" S 


Museums 


3" 4 


Offices, Public 


4 " 5 


Offices, Private 


3" 4 


Public Dining Rooms 


4" 5 


Living Rocans 


3" 4 


Libraries, Public 


4" 8 


Libraries, Private 


3" 4 



Force for Moving Air. Air is moved for ventilating purposes in 
two ways: (1) by expansion due to heating; (2) by mechanical means. 
The effect of heat on the air is to increase ita volume and therefore 
lessen its density or weight, so that it tends to rise and is replaced by 
the colder air below. The available force for moving air obtained in 
this way is very small, and is quite likely to be overcome by wind or 
external causes. It will be found in general that the heat used for 
producing velocity in this manner, when transformed into work in 
the steam engine, is greatly in 
excess of that required to pro- 
duce the same effect by the use of 
a fan. 

Ventilation by mechanical 

means is performed either by 

pressure or by suction. The foi^ 

mer is used for delivering fresh air 

into a building, and the latter for 

removing the foul air from it. 

By both processes the air is moved Fig. I. common Form otAnemometOT, tor 
; , , . MeBBurlng VBloclty ot AlT'Cuireats. 

Without change in temperature, 

and the force for moving must be sufficient to overcome the effects 
of wind or changes, in outside temperature. Some form of fan is used 
for this purpose. 

Measurements of Velocity. The velocity of air in ventilating 
ducts and flues is measured directly by an instrument called an ane- 
mometer. A common form of this instrument is shown m Fig. 1. It 
consists of a series of flat vanes attached to an axis, and a series of dials. 
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The revolution of the axis causes motion of the hands in proportion to 
the velocity of the air, and the result can be read directly from the dials 
for any given period. 

For approximate results the anemometer may be slowly moved 
across the opening in either vertical or horizontal parallel lines, so 
that the readings will be made up of velocities taken from all parts of 
the opening. For more accurate work, the opening should be divided 
into a number of squares by means of small twine, and readings taken 
at the center of each. The mean of these readings will give the 
average velocity of the air through the entire opening. 

AIR DISTRIBUTION 

The location of the air inlet to a room depends upon the size of 
the room and the purpose for which it is used. In the case of living 
rooms in dwelling-houses, the registers are placed either in the floor 
or in the wall near the floor; this brings the warm air in at the coldest 
part of the room and gives an opportunity for warming or drying the 
feet if desired. In the case of schoolrooms, where large volumes of 
warm air at moderate temperatures are required, it is best to discharge 
it through openings in the wall at a height of 7 or 8 feet from the floor; 
this gives a more even distribution, as the warmer air tends to rise and 
hence spreads uniformly under the ceiling; it then gradually displaces 
other air, and the room becomes filled with pure air without sensible 
currents or drafts. The cooler air sinks to the bottom of the room, and 
can be taken off through ventilating registers placed near the floor. 
The relative positions of the inlet and outlet are often governed to 
some extent by the building construction; but, if possible, they should 
both be located in the same side of the room. Figs. 2, 3, and 4 show 
common arrangements. . 

The vent outlet should always, if possible, be placed in an inside 
wall; otherwise it will become chilled and the air-flow through it will 
become sluggish. In theaters and churches which are closely packed, 
the air should enter at or near the floor, in finely-divided streams; and 
the discharge ventilation should be through openings in the ceiling. 
The reason for this is the large amount of animal heat given off from 
the bodies of the audience; this causes the air to become still further 
heated after entering the room, and the tendency is to rise continuously 
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13 



from Soor to ceiling, thus canying away all impurities from respiration 
as fast as they are given off. 

All audience halls in Ttrhich the occupants are closely seated should 
be treated in the same manner, when possible. This, however, can- 
not always be done, as the seats are often made removable so that the 



! I 
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floor can be used for other purposes. In cases of this kind, part of 
the air may tie introduced through floor registers placed along the outer 
aisles, and the remainder by means of wall inlets the same as for school- 
rooms. The discharge ventilation should be partly through registers 
near the floor, supplemented by ample ceiling vents for use when the 
hall is crowded or the outside temperature high. 

The matter of air-velocities, size of flues, etc., will be taken up 
under the head of "Indirect Heating." 

HEAT LOSS FROM BUILDINGS 

A British Thermal Unit, or B. T. U., has been defined as the 
amount of heat required to raise the temperature of one pound of 
water one degree F. This measure of heat enters into many of the 
calculations involved in the solving of problems in heating and ventila- 
tion, and one should familiarize himself with the exact meaning of 
the term. 

Causes of Heat Loss. The heat loss from a building is due to 
the following causes: (1) radiation and conduction of heat through 
walls and windows; (2) leakage of warm air around doors and win- 
dows and through the walls themselves; and (3) heat required to warm 
the air for ventilation. 

Loss through Walls and Windows. The loss of heat through 
the walls of a building depends upon the material used in construction 
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TABLE V 

Heat LoMM In B. T. U. per Square Foot of Surface per Hour- 
Southern Exposure 



Hate UAL 



S-in. Brick WaU 

12-in. Brick WaU 

16-in. Brick Wall 

20-in. Brick WaU 

24-in. Brick WaU 

28-iii. Brick WaU 

32-m. Brick WaU 

Single Window 

Double Window 

Single Skylight 

Double Skyfight 

1-in. Wooden Door 

2-in. Wooden Door 

2-in. Solid Plaster Partition 

3-in. Solid Plaster Partition 

Concrete Floor on Brick Arch . . . 
Wood Floor on Brick Arch .... 

Double Wood Floor 

WaUs of Ordinary Wooden 

DweUings 



DiFrBBBNCB BBTWBBN InBIDB AND OUT- 
8IDB TbMPBRATURES 



10« 


W* 


»• 


40* 


60° 


W 


TOO 


80° 


W 


l0d° 


5 


9 


13 


18 


22 


27 


31 


36 


40 


45 


4 


7 


10 


13 


16 


20 


23 


26 


30 


33 


3 


5 


8 


10 


13 


16 


19 


22 


24 


27 


2.8 


4.5 


7 


9 


11 


14 


16 


18 


20 


23 


2.5 


4 


6 


8 


10 


12 


14 


16 


18 


20 


2 


3.5 


5 


7 





11 


13 


14 


16 


18 


1.6 


3 


4.5 


6 


8 


10 


11 


13 


15 


16 


12 


24 


36 


49 


60 


73 


85 


93 


110 


122 


8 


16 


24 


32 


40 


48 


56 


62 


70 


78 


11 


21 


31 


42 


52 


63 


73 


84 


94 


104 


7 


14 


20 


28 


35 


42 


48 


56 


62 


70 


4 


8 


12 


16 


2G 


24 


28 


32 


36 


40 


3 


5 


8 


11 


14 


17 


20 


23 


25 


28 


6 


12 


18 


24 


30 


36 


42 


48 


M 


60 


5 


10 


15 


20 


25 


30 


35 


40 


45 


50 


2 


4 


6.5 


9 


11 


13 


15 


18 


20 


22 


1.5 


3 


4.5 


6 


7 


9 


10 


12 


13 


15 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


3 


5 


8 


10 


U 


16 


19 


22 


24 


27 



For solid stone waUSy multiply the figures for brick of the same thickness 
by 1.7. Where rooms have a cold attic above or cellar beneaih, multiply the 
heat loss through walls and windows by 1 . 1. 

Correction for Leakage, The figures given in the above table apply only 
to the most thorough construction. For the average weU-built house, the 
results should be increased about 10 per cent; for fairly good construction, 
20 per cent; and for poor construction, 30 per cent. 

Table V applies only to a southern exposure ; for other exposures multi- 
ply the heat loss given in Table V by the factors given in Table VI. 

of the wall, the thickness, the number of layers, and the difference 
between the inside and outside temperatures. The exact amount of 
heat lost in this way is very diiBcult to determine theoretically, hence 
we depend principally on the results of experiments. 

Loss by Air-Leakage. The leakage of air from a room varies 
from one to two pr more changes of the entire contents per hour, 
depending upon the construction, opening of doors, etc. It is com- 
mon practice to allow for one change per hour in well-constructed 
buildings where two walls of the room have an outside cKposure. As 
the amount of leakage depends upon the extent of exposed wall and 
window surface, the simplest way of providing for this is to increase 



24 



HEATING AND VENTILATION 16 

TABLE VI 
Factors for Calculating: Heat Loss for Other than Southern Exposures 



Exposure 


Factor 


N. 


1.32 




E. 


1.12 




S. 


1.0 




w. 


1.20 




N.E. 


1.22 




N.W. 


1.26 




S.E. 


1.06 




s.w. 


1.10 




N., E., S., and W., or total exposure 


1.16 





the total loss through walls and windows by a factor depending upon 
the tightness of the building construction. Authorities differ con- 
siderably in the factors given for heat losses, and there are various 
methods for computing the same. The figures given in Table V have 
been used extensively in actual practice, and have been found to give 
good results when used with judgment. The table gives the heat losses 
through different thicknesses of walls, doors, windows, etc., in B. T. 
U., per square foot of surface per hour, for varying differences in inside 
and outside temperatures. 

In computing the heat loss through walls, only those exposed to 
the outside air are considered. 

In order to make the use of the table clear, we shall ^ve a num- 
ber of examples illustrating its use: 

Example 1. Assuming an inside temperature of 70°, what will be the 
heat loss from a room having an exposed wall surface of 200 square feet and a 
glass surface of 50 square feet, when the outside temperature is zero? The 
wall is of brick, 16 inches in thickness, and has a southern exposure; the win- 
dows are single; and the construction is of the best, so that no account need 
be taken of leakage 

We find from Table V, that the factor for a 16-inch brick wall 
with a difference in temperature of 7(f is 19, and that for glass (single 
window) under the same condition is 85; therefore. 

Loss through walls « 200 X 19 = 3,800 
Loss through windows = 60 X 85 -= 4,250 

Total loss per hour = 8,050 B. T. U. 

Example 2. A room 15 ft. square and 10 ft. high has two exposed walls, 
one toward the north, and the other toward the west. There are 4 windows, 
each 3 feet by 6 feet in size. The two in the north wall are double, while the 
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other two are single. The wallB are of brick, 20 inches in thickness. With an 
inside temperature of 70^, what will be the heat loss per hour when it is 10? 
below zero? 

Total exposed surface - 15 X 10 X 2 - 300 
Glasssurface = 3X 6X4« 72 

Net wall surface = 228 

Diflference between inside and outside temperature 80®. 
Factor for 20-inch brick wall is 18. 
Factor for single window is 93. 
Factor for double window is 62. 
The heat losses are as follows: 

Wall, 228 X 18 = 4,104 

Single windows, 36 X 93 = 3,348 

Double windows, 36 X 62 = 2,232 



9,684 B. T. U. 
As one side is toward the north, and the other toward the west, the 
actual exposure is N. W. Looking in Table VI, we find the correction 
factor for this exposure to be 1.26; therefore the total heat loss is 

9,684 X 1.26 = 12,201.84 B.T.U. 

Example 3. A dwelling-house of fair wooden construction measures 
160 ft. around the outside; it has 2 stories, each 8 ft. in height; the windows 
are single* and the glass surface amounts to one-fifth the total exposure; the 
attic and cellar are unwarmed. If 8,000 B. T. U. are utilized from each pound 
of coal burned in the furnace, how many pounds will be required per hour to 
maintain a temperature of 70® when it is 20° above aero outside? 

Total exposure = 160 X 16 - 2,560 
Glass surface = 2,560 -r- 5 = 512 



Net wall = 2,048 

Temperature difference = 70 - 20 = 50° 
Wall 2,048 X 13 = 26,624 

Glass 512 X 60 = 30,720 



57,344 B.T.U. 
As the building is exposed on all sides, the factor for exposure will be 
the average of those for N., E., S., and W., or 

(1.32 + 1.12 + 1.0 + 1.20) -i- 4 = 1.16 
The house has a cold cellar and attic, so we must increase the heat loss 
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10 per cent for each of the first two conditions, and 20 per cent for the 
kst Making these corrections we have: 

57,344 X 1.16 X 1.10 X 1.10 X 1.20 = 96,338 B.T.U. 
If one pound of coal furnishes 8,000 B. T. U., then 96,338 -5- 8,000 = 
12 pounds of coal per hour required to warm the building to 70^ 
under the conditions stated. 

Approximate Method. For dwelling-houses of the average con- 
struction, the following simple method for calculating the heat loss 
may be used. Multiply the total exposed surface by 45, which will 
give the heat loss in B. T. U. per hour for an inside temperature of 70° 
in zero weather. 

This factor is obtained in the following manner : Assume the glass 
surface to be one-sixth the total exposure, which is an average propor- 
tion. Then each square foot of exposed surface consists one-sixth 
of glass and five-sixths of wall, and the heat loss for 70° difference in 
temperature would be as follows : 

Wall A X 19 = 15.8 
Glass i- X 85 = 14.1 
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29.9 
Increasing this 20 per cent for leakage, 16 per cent for exposure, and 
10 per cent for cold ceilings, we have : 

29.9 X 1.20 X 1.16 X 1.10 = 45. 

The loss through floors is considered as being offset by including 
the kitchen walls of a dwelling-house, which are warmed by the range, 
and which would not otherwise be included if computing the size of a 
furnace or boiler for heating. 

If the heat loss is required for outside temperatures other than 
zero, multiply by 50 for 10 degrees below, and by 40 for 10 degrees 
above zero. 

Thig method is convenient for approximations in the case of 
dwelling-houses; but the more exact method should be used for other 
types of buildings, and in all cases for computing the heating surface 
for separate rooms. When calculating the heat loss from isolated 
rooms, the cold inside walls as well a^ the outside must he considered. 

The loss through a wall next toacold attic or other unwarmed space 
may in general be taken as about two-thirds that of an outside wall. 
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Heat Loss by Ventilation, One B. T. U. will raise the tempera- 
ture of 1 cubic foot of air 55 degrees at average temperatures and 
pressures, or will raise 55 cubic feet 1 degree, so that the heat required 
for the ventilation of any room can be found by the following formula : 

Cn. ft. of air per hour X Number of degrees rise ,> m tt • j 
rr — B. T. U. requu^. 

To compute the heat loss for any given room which is to be 
ventilated, first find the loss through walls and windows, and correct 
for exposure and leakage; then compute the amount required for 
ventilation as above, and take the sum of the two. An inside tem- 
perature of 70° is always assumed unless otherwise stated. 

Examples. What quantity of heat wiU be required to warm 100,000 
cubic feet of air to 70° for ventilating purposes when the outside temperature 
is 10 below zero? 

100,000 X 80 -^ 55 = 145,454 B. T. U. 

How many B. T. U. will be required per hour for the ventilation of a 
fihurch seating 500 people, in zero weather? 

Referring to Table III, we find that the total air required per 
hour is 1,200 X 500 = 600,000 cu. ft.; therefore 600,000 X 70 -^ 55 
= 763,636 B. T. U. 

The factor — — is approximately 1.1 for 60®» 

1.3 for 70°, and 1.5 for 80*^. Assuming a temperature of 70® for the 
entering air, we may multiply the air-volume supplied for ventilation 
by 1.1 for an outside temperature of 10*^ above 0, by 1.3 for zero, and 
by 1.5 for 10*^ below zero — which covers the conditions most conmionly 
met with in practice. 

EXAMPLES FOR PRACTICE 

1. A room in a grammar school 28 ft. by 32 ft. and 12 feet high is 
to accommodate 50 pupils. The walls are of brick 16 inches in thick- 
ness; and there are 6 single windows in the room, each 3 ft. by 6 ft.; 
there are warm rooms above and below; the exposure is S. E. How 
many B. T. U. will be required per hour for wanning the room, and 
how many for ventilation, in zero weather, assuming the building to 
be of average construction ? 

Ans. 22,056 + for warming; 152,727 + for ventilation. 

2. A stone church seating 400 people has walls 20 inches in 
thickness. It has a wall exposure of 5,000 square feet, a glass expos- 
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are (single windows) of 600 square feet, and a roof exposure of 7,000 
isquare feet; the roof is of 2-inch pine plank, and the factor for heat 
loss may be taken the same as for a 2-inch wooden door. The floor 
is of wood on brick arches, and has an area of 4,000 square feet. The 
building is exposed on all sides, and is of 'first-class construction. 
What will be the heat required per hour for both wanning and ventila- 
tion when the outside temperature is 20° above zero? 

Ans. 296,380 for warming; 436,363 + for ventilation. 
3. A dwelling-house of average wooden construction measures 
200 feet around the outside, and has 3 stories, each 9 feet high. 
Compute the heat loss by the approximate method when the tem- 
perature is 10° below zero. 

Ans. 270,000 B. T. U. per hour. 

FURNACE HEATING 

In construction, a furnace is a large stove with a combustion 
chamber of ample size over the fire, the whole being inclosed in a 
casing of sheet iron or brick. The bottom of the casing is provided 
with a cold-air inlet, and at the top are pipes which connect with 
registers placed in the various rooms to be heated. Cold, fresh air 
is brought from out of doors through a pipe or duct called the cold-air 
box; this air enters the space between the casing and the furnace near 
the bottom, and, in passing over the hot surfaces of the fire-pot and 
combustion chamber, becomes heated. It then rises through the 
warm-air pipes at the top of the casing, and is discharged through the 
registers into the rooms above. 

As the warm air is taken from the top of the furnace, cold air 
flows in through the cold-air box to take its place. The air for heating 
the rooms does not enter the combustion chamber. 

Fig. 5 shows the general arrangement of a furnace with its con- 
necting pipes. The cold-air inlet is seen at the bottom, and the hot-air 
pipes at the top; these are all provided with dampers for shutting off or 
regulating the amount of air flowing through them. The feed or fire 
door is shown at the front, and the ash door beneath it; a water-pan is 
placed inside the casing, and furnishes moisture to the warm air before 
passing into the rooms ; water is either poured into the pan through an 
opening in the front, provided for this purpose, or is supplied auto- 
matically through a pipe. 
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The fire is r^utated by means of a draft slide in the ash door, and 
a cold-air or regulating damper placed in the smoke-pipe. Clean-out 
doors are placed at different points in the casing for the removal of 




ashes and soot. Furnaces are made either of cast iron.or ofwrought- 
iron plates riveted together and provided with brick-lined firepots. 
Types (tf Furnaces. Furnaces may be divided into two general 
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types known as direct-draft and indirect-draft. Fig. 6 shows in section 
a common form of directrdraft furnace; the better class have a radi- 
ator, generally placed at the top, through which the gases pass before 
reaching the smoke-pipe. They have but one damper, usually 
combined with a cold-air check. Many of the cheaper direct-draft 






furnaces have no radiator at all, the gases passing directly into the 
smoke-pipe and carrying away much heat that should be utilized. 

The furnace shown in Fig. 6 is made of cast iron and has a lai^ 
radiator at the top; the smoke connection is shown at the rear. 

Fig. 7 represents another form of direct-draft furnace. In this 
case the radiatpr is made of sheet-steel plates riveted together with 
tubular flues passing through it. 

In the ordinary indirect-draft type of furnace (see Fig. 8), the 
gases pass downward through flues to a radiator located near the base. 
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thence upward through another flue to the amoke-pipe. In addition 
to the damper in the smoke-pipe, a direct-draft damper is required 
to give direct connection with the funnel when coal is first put on, to 
facilitate the escape of gas to the chimney. When the chimney draft 
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is weak, trouble from gas is more likely to be experienced with fur- 
naces of this type than with those having a direct draft. 

Qrates. No part of a furnace is of more imprortance than the 
grates. The plain grate rotating about a center pin was for a long 
time the one most commonly used. These grates were usually pro- 
vided with a clinker door for removing any refuse too large to pass 
between the grate bars. The action of such grates tends to leave a 
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cone of ashes in the center of the fire causing it to burn more freely 
around the edges. A better form of grate is the revolving triangular 
pattern, which is now used in many of the leading furnaces. It con- 
sists of a series of triangular bars having teeth. The bars are con- 
nected by gears, and are turned by means of a detachable lever. If 




properly used, this grate will cut a slice of ashes and clinkers from 
under the entire fire with little, if any loss of unccnsumed coal. 

The Firepot. Firepots are generally made of cast iron or of steel 
plate lined with firebrick. The depth ranges from about 12 to 18 
inches. In cast-iron furnaces of the better class, the firepot is made 
very heavy, to insure durability and to render it less likely to become 
led-hot. The firepot is sometimes made in two pieces, to reduce th« 
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liability to cracking. The heating surface is sometimes increased by 
corrugations, pins, or ribs. 

A firebrick lining is necessary in a wrought-iron or steel furnace 
to protect the thin shell from the intense heat of the fire. Since brick- 
lined firepots are much less effective than cast-iron in transmitting 
heat, such furnaces depend to a great extent for their efficiency on the 
heating surface in the dom^ and radiator; and this, as a rule, is much 
greater than in those of cast iron. 

Cast-iron furnaces have the advantage when coal is first put on 
(and the drop flues and radiator are cut out by the direct damper) of 
still giving off heat from the fircpot, while in the case of brick linings 
very little heat is given off ii: this way, and the rooms are likely to 
become somewhat cooled before the fresh coal becomes thoroughly 
ignited. 

Combustion Chamber. The body of the furnace above the fire- 
pot, commonly called the dome or feed section, provides a combustion 
chamber. This chamber should be of sufficient size to permit the 
gases to become thoroughly mixed with the air passing up through the 
fire or entering through openings provided for the purpose in the feed 
door. In a well-designed furnace, this space should be somewhat 
larger than the firepot. 

Radiator. The radiator, so called, with which all furnaces of 
the better class are provided, acts as a sort of reservoir in which the 
gases are kept in contact with the air passing over the furnace until 
they have parted with a considerable portion of their heat. Radiators 
are built of cast iron, of steel plate, or of a combination of the two. 
The former is more durable and can be made with fewer joints, but 
owing to the difficulty of casting radiators of large size, steel plate is 
commonly used for the sides. 

The effectiveness of a radiator depends on its form, its heating 
surface, and the difference between the temperature of the gases and 
the surrounding air. Owing to the accumulation of soot, the bottom 
surface becomes practically worthless after the furnace has been in 
use a short time; surfaces, to be effective, must therefore be self- 
cleaning. 

If the radiator is placed near the bottom of the furnace the gases 
are surrounded by air at the lowest temperature, which renders the 
radiator more effective for a given size than if placed near the top and 
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surrounded by warm air. On the other hand, the cold air has a ten- 
dency to condense the gases, and the acids thus formed are likely to 
corrode the iron. 

Heating Surface. The different heating surfaces may be de- 
. scribed as follows: Firepot surface; surfaces acted upon by direct 
rays of heat from the fire, such as the dome or combustion chamber; 
gas- or smoke-heated surfaces, such as flues or radiators; and ex- 
tended surfaces, such as pins or ribs. Surfaces unlike in character 
and location, vary greatly in heating power, so that, in making com- 
parisons of different furnaces, we must know the kind, form, and 
location of the heating surfaces, as well as the area. 

In some furnaces having an unusually large amount of surface, 
It will be found on inspection that a large part would soon become 
practically useless from the accumulation of soot. In others a large 
portion of the surface is lined with firebrick, or is so situated that the 
air-<;urrents are not likely to strike it. 

The ratio of grate to heating surface varies somewhat according 
to the size of furnace. It may be taken as 1 to 25 in the smaller sizes, 
and 1 to 15 in the larger. 

Efficiency. One of the first items to be determined in esti- 
mating the heating capacity of a furnace, is its eflSciency — ^that is, 
the proportion of the heat in the coal that may be utilized for warming. 
The eflSciency depends chiefly on the area of the heating surface as 
compared with the grate, on its character and arrangement, and on 
the rate of combustion. The usual proportions between grate and 
heating surface have been stated. The rate of combustion required 
to maintain a temperature of 70° in the house, depends, of course, 
on the outside temperature. In very cold weather a rate of 4 to 5 
pounds of coal per square foot of grate per hour must be main-^ 
tained. 

One pound of good anthracite coal will give off about 13,000 
B. T. U., and a good furnace should utilize 70 per cent of this heat. 
The eflSciency of an ordinary furnace is often much less, sometimes 
as low as 50 per cent. 

In estimating the required size of a first-class furnace with good 
chimney draft, we may safely count upon a maximum combustion 
of 5 pouilds of coal per square foot of grate per hour, and may assume 
that 8^000 B. T. U. will be utilized for warming purposes from each 
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ft 

pound burned. This quantity corresponds to an efficiency of 60 
per cent. 

Heating Capacity. Having determined the heat loss from a 
building by the methods previously given, it is a simple matter to 
compute the size of grate necessary to bum a sufficient quantity of 
coal to furnish the amount of heat required for warming. 

In computing the size of furnace, it is customary to consider the 
whole house as a single room, with four outside walls and a cold attic. 
The heat losses by conduction and leakage are computed, and in- 
creased 10 per cent for the cold attic, and 16 per cent for exposure. 
The-heat delivered to the various rooms may be considered as being 
made up of two parts — first, that required to warm the outside air 
up to 70° (the temperature of the rooms); and second, the quantity 
which must be added to this to offset the loss by conduction and leak- 
age. Air is usually delivered through the registers at a temperature 
of 120°, with zero conditions outside, in the best class of residence 

70 
work; so that --— of the heat given to the entering air may be con- 

50 
sidered as making up the first part, mentioned above, leaving -r^ 

available for purely heating purposes. From this it is evident that 

50 
the heat supplied to the entering air must be equal to 1 -t- — — =2.4 

times that required to offset the loss by conduction and leakage. 

Example. The loss through the walls and windows of a building is 
found to be 80,000 B. T. U. per hour in zero weather. What will be the size 
of furnace required to maintain an inside temperature of 70 degrees? 

From the above, we have the total heat required, equal to 80,000 

X 2.4 = 192,000 B. T. U. per hour. If we assume that 8,000 B. T. 

U. are utilized per pound of coal, then 192,000 -t- 8,000 = 24 pounds 

of coal required per hour; and if 5 pounds can be burned on each 

24 
square foot of grate per hour, then— = 4.8 square feet required. 

o 

A grate 30 inches in diameter has an area of 4.9 square feet, and is the 

size we should use. 

When the outside temperature is taken as 10° below zero, multi- 
ply by 2.6 instead of 2.4; and multiply by 2.8 for 20° below. 

Table VII will be found useful in determining the diameter of 
firepot required. 

36 



HEATING AND VENTILATION 27 

TABLE VII 
Flrepot Dimensions 



Average Diametbb of Orate, in Inches 


Area in Square Feet 


18 


1.77 


20 


2.18 


22 


2.64 


24 


3.14 


26 


3.69 


28 


4.27 


30 


4.91 


32 


5.58 



EXAMPLES FOR PRACTICE 

1. A brick apartment house is 20 feet wide, and has 4 stories, 
each being 10 feet in height. The house is one of a block, and is 
exposed only at the front and rear. The walls are 16 inches thick, 
and the block is so sheltered that no correction need be made for 
exposure. Single windows make up J the total exposed surface. 
Figure for cold attic but warm basement. What area of grate surface 
will be required for a furnace to keep the house at a temperature of 
70® when it is 10° below zero outside? Ans. 3.5 square feet. 

2. A house having a furnace with a firepot 30 inches in diameter, 
is not suflSciently warmed, and it is decided to add a second furnace 
to be used in connection with the one already in. The heat loss from 
the building is found by computation to be 133,600 B. T. U. per hour, 
in zero weather. What diameter of firepot will be required for the 
extra furnace? Ans. 24 inches. 

Location of Furnace. A furnace should be so placed that the 
warm-air pipes will be pf nearly the same length. The air travels 
most readily through pipes leading toward the sheltered side of the 
house and to the upper rooms. Therefore pipes leading toward the 
north or west, or to rooms on the first floor, should be favored in 
regard to length and size. The furnace should be placed somewhat 
to the north or west of the center of the house, or toward the points 
of compass from which the prevailing winds blow. 

Smoke-Pipes. Furnace smoke-pipes range in size from about 
6 inches in the smaller sizes to 8 or 9 inches in the larger ones. They 
are generally made of galvanized iron of No. 24 gauge or heavier. 
The pipe should be carried to the chimney as directly as possible, 
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avoiding bends which increase the resistance and diminisk the draft. 
Where a smoke-pipe passes through a partition, it should be pro- 
tected by a soapstone or double-perforated metal collar having a 
diameter at least 8 inches greater than that of the pipe. The top of 
the smoke-pipe should not be placed within 8 inches of unprotected 
beams, nor less than 6 inches under beams protected by asbestos or 
plaster with a metal shield beneath. A collar to make tight con- 
nection with the chimney should be riveted to the pipe about 5 inches 
from the end, to prevent the pipe being pushed too far into the flue. 
Where the pipe is of unusual length, it is well to cover it to prevent 
loss of heat and the condensation of smoke. 

Chimney Flues. Chimney flues, if built of brick, should have 
walls 8 inches in thickness, unless terra-cotta linings are used, when 
only 4 inches of brickwork is required. Except in small houses 
where an 8 by 8-inch flue may be used, the nominal size of the smoke 
flue should be at least 8 by 12-incbes, to allow for contractions or off- 
sets. A clean-out door should be placed at the bottom of the flue, 
for removing ashes and soot. A square flue cannot be reckoned at 
its full area, as the comers are of little value. To avoid down drafts, 
the top of the chimney must be carried above the highest point of the 
roof unless provided with a suitable hood or top. 

Cold-Air Box. The cold-air box should be large enough to 
supply a volume of air sufficient to fill all the hot-air pipes at the same 
time. If the supply is too small, the distribution is sure to be unequal, 
and the cellar will become overheated from lack of air to carry away 
the heat generated. 

If a box is made too small, or is throttled down so that the volume 
of air entering the furnace is not large enough to fill all the pipes, 
it will be found that those leading to the less exposed side of the 
house or to the upper rooms will take the entire supply, and that 
additional air to supply the deficiency will be drawn down through 
registers in rooms less favorably situated. It is common practice 
to make the area of the cold-air box three-fourths the combined 
area of the hot-air pipes. The inlet should be placed where the 
prevailing cold winds will blow into it; this is commonly on the north 
or west side of the house. If it is placed on the side away from the 
wind, warm air from the furnace is likely to be drawn out thiough 
the cold-air box. 
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Whatever may be the location of the entrance to the cold-air 
box, changes in the direction of the wind may take place which will 
bring the inlet on the wrong side of the house. To prevent the 
possibility of such changes affecting the action of the furnace, the 
oold-air box is sometimes extended through the house and left open 
at both ends, with check-dampers arranged to prevent back-drafts. 
These checks should be placed some distance from the entrance, to 
prevent their becoming clogged with snow or sleet. 

The cold-air box is generally made of matched boards; but 
galvanized iron is much better; it costs more than wood, but is well 
worth the extra expense on account of tightness, which keeps the dust 
and ashes from b^ng drawn into the furnace casing to be discharged 
through the registers into the rooms above. 

The cold-air inlet should be covered with galvanized wire netting 
with a mesh of at least three-eighths of an inch. The frame to which 
• h is attached should not _ 

,„,,,,. il ^ FUR FIETUfmiNG 

be smaller than the m- 111 ^A/RfnoMABovr 

side dimensions of the 

cold-air box. A door to 

admit air from the cellar 

to the cold-air box is 

generally provided. As 

a rule, air should be 

taken from this source, 

only when the house is 

temporarily unoccupied 

or during high winds 

Return Duct. In 
some cases it is desirable 
to letum.air to the fur- Fig 
nace from the rooms 
above, to be reheated. Ducts for this purpose are common in places 
where the winter temperature is frequently below zero. Return 
ducts when used, should be in addition to the regular cold-air box. 
Fig. 9 shows a common method of making the connection between 
the two. By proper adjustment of the swinging damper, the air can 
be taken either from out of doors or through the register from the 
room above. The return renter is often placed in the hallway of 
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a house, so that it will take the cold air which. rushes in when the 
door is opened and also that which may leak in around it while 
closed. Check-valves or flaps of light gossamer or woolen cloth 
should be placed between the cold-air box and the registers to pre- 
vent back-drafts during winds. 

The return duct should not be used too freely at the expense of 
outdoor air, and its use is not recommended except during the night 
when air is admitted to the sleeping rooms through open windows. 

Warm-Air Pipes. The required size of the warm-air pipe to 
any given room, depends on the heat loss from the room and on the 
volume of warm air required to offset this loss. Each cubic foot of 
air warmed from zero to 120 degrees brings into a room 2.2 B. T. U. 
We have already seen that in zero weather, with the air entering the 

registers at 120 degrees, only — of the heat contained in the air is 

available for offsetting the losses by radiation and conduction, so that 

50 
only 2.2 X r^ = .9 B. T. U. in each cubic foot of entering air can 

be utilized for warming purposes. Therefore, if we divide the com- 
puted heat loss in B. T. U. from a room, by .9, it will give the number 
of cubic feet of air at 120 degrees necessary to warm the room in zero 
weather. 

As the outside temperature becomes colder, the quantity of heat 
brought in per cubic foot of air increases; but the proportion avail- 
able for warming purposes becomes less at nearly the same rate, so 

TABLE VIII 
Warm-Air Pii>e Dimensions 



Diameter of Pipe, 


Area 


Area 


IN Inches 


IN Square Inches 


IN Square Feet 

« 


6 


28 


.196 


7 


38 


.267 


S 


50 


.349 


9 


64 


.442 


10 


79 


.545 


11 


95 


.660 


12 


113 


.785 


13 


133 


.922 


14 


154 


1.07 


15 


177 


1.23 


16 


201 


1.40 
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that for all practical purposes we may use the figure .9 for all usual 
conditions. In calculating the size of pipe required, we may assume 
maximum velocities of 260 and 380 feet per minute for rooms on the 
first and second floors respectively. Knowing the number of cubic 
feet of air per minute to be delivered, we can divide it by the velocity, 
which will give us the required area of the pipe in square feet. 

Round pipes of tin or galvanized iron are used for this purpose. 
Table VIII will be found useful in determining the required diameters 
of pipe in inches. 

Example. The heat loss from a room on the second floor is 18,000 B. 
T. U. per hour. What diameter of warm-air pipe will be required? 

18,000 -^ .9 = 20,000 = cubic feet of air required per hour. 
20,000 -7- 60 = 333 per minute. Assuming a velocity of 380 feet 
per minute, we have 333 -r- 380 « .87 square foot, which is the 
area of pipe required. Referring to Table VIII, we find this comes 
between a 12-inch and a 13-inch pipe, and the larger size would 
probably be chosen. 

EXAMPLES FOR PRACTICE 

1. A first-floor room has a computed loss of 27,000 B. T. U. 
per hour when it is 10° below zero. The air for warming is to enter 
through two pipes of equal size, and at a temperature of 120 degrees. 
What will be the required diameter of the pipes? 

Ans. 14 inches. 

2. If in the above example the room had been on the second 
floor, and the air was to be delivered through a single pipe, what 
diameter would be required? 

Ans. 16 inches. 

Since long horizontal runs of pipe increase the resistance and 
loss of heat, they should not in general be over 12 or 14 feet in length. 
This applies especially to pipes leading to rooms on the first floor, 
or to those on the cold side of the house. Pipes of excessive length 
should be increased in size because of the added resistance. 

Figs. 10 and 11 show common methods of running the pipes in 
the basement. The first gives the best results, and should be used 
where the basement is of suflScient height to allow it. A damper 
should be placed in each pipe near the furnace, for regulating the flow 
of dr to the different rooms, or for shutting it off entirely when desired. 
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While round pipe risers give the best results, it is not always 
possible to provide a sufficient space for them, and fiat or oval pipes 
are substituted. When vertical pipes must be placed in single par- 
titions, much better results will be obtained if the studding can be 





Fig. 10. Pig. 11. 

Common Methods of Running Hot* Air Pipes In Basement. Method Shown In Fig. 10 

Is Preferable where Feasible. 

made 5 or 6 inches deep instead of 4 as is usually done. Flues should 
never in any case be made less than 3^ inches in depth. Each room 
should be heated by a separate pipe. In some cases, however, it is 
allowable to run a single riser to heat two unimportant rooms on an 
upper floor. A clear space of at least J inch should be left between 
the risers and studs, and the latter should be carefully tinned, and the 

TABLB IX 
Dimensions of Oval Pipes 
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space between them on both sides covered with tin, asbestos., or wire 
lath. 

Table IX gives the capacity of oval pipes. A 6-inch pipe ovaled 
to 5 means that a 6-inch pipe has been flattened out to a thickness of 
5 inches, and column 2 gives the resulting area. 

Having determined the size of round pipe required, an equiva- 
lent oval pipe can be selected from the table to suit the space available. 

Registers. The registers which control the supply of warm 
air to the rooms, generally have a net area equal to two-thirds of their 
gross area. The net area should be from 10 to 20 per cent greater 
than the area of the pipe connected with it. It is common practice 
to use registers having the short dimensions equal to, and the long 
dimensions about one-half greater than, the diameter of the pipe. 
This would give standard sizes for different diameters of pipe, as 
listed in Table X. 

TABLE X 
Sizes of Registers for Different Sizes of IMpes 



Diameter of Pipe 


Size of Register 




6 


in. 


6 X 


10 in. 




7 


tt 


7 X 


10 ' 




8 


€t 


8 X 


12 " 




9 


tt 


9 X 


14 " 




10 


(t 


10 X 


15 " 




11 


li 


11 X 


16 " 




12 


tt 


12 X 


17 " 




13 


tt 


14 X 


20 " 




14 


tt 


14 X 


22 " 




15 


tt 


15 X 


22 " 




16 


tt 


16 X 


24 " 





Combination Systems. A combination system for heating by 
hot air and hot water consists of an ordinary furnace with some form 
of surface for heating water, placed either in contact with the fire or 
suspended above it. Fig. 12 shows a common arrangement where 
part of the heating surface forms a portion of the lining to the firepot 
and the remainder is above the fire. 

Care must be taken to proportion properly the work to be done 
by the air and the water; else one will operate at the expense of the 
other. One square foot of heating surface in contact with the fire is 
capable of supplying from 40 to 50 square feet of radiating surface, 
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and one square foot suspended over the fire will supply from 15 to 25 
square feet of radiation. 

The value or efficiency of the heating surface varies so widely Id 
different makes that it is best to state the required conditions to the 




Fig. 13. ComblnatlOQ Furnace, (or Beating by Botb Hot Air and HoC Water. 

manufacturers and have them proportion the surfaces as their experi-- 
ence has found best for their particular type of furnace. 

Care and Management of Furnaces. The following general 
rules apply to the management of all hard coal furnaces. 

The fire should be thoroughly shaken once or twice daily in cold 
weather. It is well to keep the firepot heaping full at all times. In 
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this way a more even temperature may be maintained, less attention is 
required, and no more coal is burned than when the pot is only partly 
filled. In mild weather the mistake is frequently made of carrying a 
thin fire, which requires frequent attention and is likely to die out. 
Instead, to diminish the temperature in the house, keep the firepot 
full and allow ashes to accumulate on the grate (not under it) by shak- 
ing less frequently or less vigorously. The ashes will hold the heat 
and render it an easy matter to maintain and control the fire. When 
feeding coal on a low fire, open the drafts and neither rake nor shake 
the fire till the fresh coal becomes ignited. The air supply to the fire 
is of the greatest importance. An insufficient amount results in incom- 
plete combustion and a great loss of heat. To secure proper combus- 
tion, the fire should be controlled principally by means of the ash-pit 
through the ash-pit door or slide. 

The smoke-pipe damper should be opened only enough to carry 
off the gas or smoke and to give the necessary draft. The openings 
in the feed door act as a check on the fire, and should be kept closed 
during cold weather, except just after firing, when with a good draft 
they may be partly opened to inc rease the air-supply and promote the 
proper combustion of the gases. 

Keep the ash-pit clear to avoid warping or melting the grate. 
The cold-air box should be k*;pt wide open except during winds or 
when the fire is low. At sucb times it may be partly, but never com- 
pletely closed. Too much stress cannot be laid on the importance 
of a sufficient air-supply to the furnace. It costs little if any more 
to maintam a comfortable temperature in the house night and day 
than to allow the rooms to become so cold during the night that the 
fire must be forced in the morning to warm them up to a comfortable 
temperature. 

In case tne warm air fails at times to reach certain rooms, it 
may be forced into them by temporarily closing the registers in other 
rooms. The current once established will generally continue after 
the other registers have been opened. 

It is best to bum as hard coal as the draft will warrant. Egg 
size is better than larger coal, since for a given weight small lumps 
expose more surface and ignite more quickly than larger ones. The 
furnace and smoke-pipe should be thoroughly cleaned once a year. 
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This should be done just after the fire has been allowed to go out in 
the spring. 

STEAM BOILERS 

Types. The boilers used for heating are the same as have already 
been described for power work. In addition there is the cast-iron 
sectional boiler, used almost exclusively for dwelling-houses. 

Tubular Boilers. Tubular boilers are largely used for heating 
purposes, and are adapted to all classes of buildings except dwelling- 
houses and the special cases mentioned later, for which sectional 
boilers are preferable. A boiler horse-fower has been defined as the 
evaporation of 34^ pounds of water from and at a temperature of 212 
degrees, and in doing this 33,317 B. T. U. are absorbed, which are 
again given out when the steam is condensed in the radiators. Hence 
to find the boiler H. P. required for warming any given building, we 
have only to compute the heat loss per hour by the methods already 
given, and divide the result by 33,330. It is more common to divide 
by the number 33,000, which gives a slightly larger boiler and is on 
the side of ^af ety. 

The commercial horse-power of a well-designed boiler is based 
upon its heating surface; and for the best economy in heating work, 
it should be so proportioned as to have about 1 square foot heating of 
surface for each 2 pounds of water to be evaporated from and at 212 
degrees F. This gives 34*5 -5- 2 = 17.2 square feet of heating surface 
per horse-power, which is generally taken as 15 in practice. Makers of 
tubular boilers commonly rate them on a basis of 12 square feet of heat- 
ing surface per horse-power. This is a safe figure under the conditions 
of power work, inhere skilled firemen are employed and where more 
care is taken to keep the heating surfaces free from soot and ashes. 
For heating plants, however, it is better to rate the boilers upon 15 
square feet per horse-power as stated above. 

There is some difference of opinion as to the proper method of 
computing the heating surface of tubular boilers. In general, all 
surface is taken which is exposed to the hot gases on one side and to 
the water on the other. A safe rule, and the one by which Table 
XII is computed, is to take J the area of the shell, J of the rear head, 
less the tube area, and the interior surface of all the tubes. 

T%e required amount of grate area, and the proper ratio of heat- 
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ing surface to grate area, vary a good deal, depending on the character 
of the fuel and on the chimney draft. By assuming the probable 
rates of combustion and evaporation, we may compute the required 
grate airea for any boiler from the formula : 

^j H.P, X34.5 

'^ 'WyTG ' 

in which 

S = Total grate area, in square feet; 

E = Pounds of water evaporated per pound of coal; 

C = Pounds of coal burned per square foot of grate per hour. 

Table XI gives the approximate grate area per H. P. for different 
rates of evaporation and combustion as computed by the above 
equation. 

TABLE XI 

Orate Area per Horse-Power for Different Rates of Evaporation and 

Combustion 





Pounds of Coal Burned per Square Foot of Orate per Hour 


Pounds of Stgam per 
Pound of Coal 


8 llM. 


lO lb«« 12 lb«« 




Square Feet of Grate Surface per Horse-Power 


10 


.43 


.35 


.28 


9 


.48 


.38 


.32 


8 ' 


.54 

» 


.43 


.36 


' 7 


.62 


.49 


.41 


6 


.72 


.58 


.48 



For example, with an evaporation of 8 pounds of steam per pound of 
coal, and a combustion of 10 pounds of coal per square foot of grate, .43 of a 
square foot of grate surface per H. P. would be called for. 

The ratio of heating to grate surface in this type of boiler ranges 
from 30 to 40, and therefore allows under ordinary conditions a com- 
bustion of from 8 to 10 pounds of coal per square foot of grate. This 
is easily obtained with a good chimney draft and careful firing. The 
larger the boiler, the more important the plant usually, and the greater 
the care bestowed upon it, so that we may generally count on a higher 
rate of combustion and a greater eflSciency as the size of the boiler 
increases. Table XII will be found very useful in determining 
the size of boiler required under different conditions. The grate 
8trea is computed for an evaporation of 8 pounds of water per pound 
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TABLE XII 

















Size of 


Diameter 


NnilBKR 


Diameter 


Lbnoth 


Horse- 


SiSB OF 


Size OF 


Smoke- 


OF Shell 


ov Tttbes 


OF TuBtes 


OF Tubes 


Power 


Grate in 


Uptake 


pipe IN 


IN Inches 


\^K A W ap mtmw 


IN Inches 


IN Feet 




Inches 


IN Inches 


Sq. IK 


80 


28 


2H 


6 


8.5 


24x86 


10x14 


140 






^ ^ 


7 


9.9 


24x36 


10x14 


140 








8 


11.2 


24x36 


10x14 


140 








9 


12.6 


24x42 


10x14 


140 








10 


14.0 


24x42 


10x14 


140 


86 


84 


2H 


8 


18.6 


80x36 


10x16 


160 






^ ^ 


9 


15.8 


80x42 


10x18 


180 








10 


16.9 


80x42 


10x18 


180 








11 


18.6 


30x48 


10x20 


200 








12 


20.9 


30x48 


10x20 


200 


42 


34 


3 


9 


18.5 


36x42 


10x20 


200 








10 


20.5 


36x42 


10x20 


200 








11 


22.5 


36x48 


10x25 


250 








12 


24.5 


36x48 


10x25 


250 








13 


26.5 


36x48 


10x28 


280 








14 


28.5 


36x54 


10x28 


280 


48 


44 


3 


10 


30.4 


42x48 


10x28 


280 








11 


33.2 


42x48 


10x28 


280 








12 


35.7 


42x54 


10x82 


320 








13 


38.3 


42x54 


10x82 


320 








14 


40.8 


42x60 


10x36 


360 








15 


43.4 


42x60 


10x86 


360 








16 


45.9 


42x60 


10x36 


360 


64 


54 


3 


11 


34.6 


48x54 


10x38 


380 








12 


37.7 


48x54 


10x38 


380 








13 


40.8 


48x54 


10x38 


380 








14 


43.9 


48x54 


10x38 


380 








16 


47.0 


48x60 


10x40 


400 








16 


50.1 


48x60 


10x40 


400 




46 


3J^ 


17 


53.0 


48x60 


10x40 


400 


60 


72 


3 


12 


48.4 


54x60 


12x40 


460 








13 


52.4 


54x60 


12x40 


460 








14 


56.4 


54x60 


12x40 


460 








15 


60.4 


54x66 


12x42 


500 








16 


64.4 


54x66 


12x42 


500 




64 


syi 


17 


71.4 


54x72 


12x48 


550 








18 


76.6 


54x72 


12x48 


550 


66 


90 


8 


14 


70.1 


60x66 


12x48 


500 








15 


75.0 


60x72 


12x52 


620 








16 


80.0 


60x72 


12x52 


620 




78 


3J^ 


17 


86.0 


60x78 


12x56 


670 






^ M 


18 


91.1 


60x78 


12x56 


670 




( 




19 


96.2 


60x78 


12x56 


670 




62 


4 


20 


93.1 


60x78 


12x56 


670 


72 


114 


3 


14 


87.4 


86x72 


12x5« 


670 








15 


93.6 


66x72 


12x56 


670 








16 


99.7 


66x78 


12x62 


740 




98 


Sj4 


17 


106.4 


66x78 


12x62 


740 






w ^ 


18 


112.6 


66x84 


12x66 


790 








19 


318.8 


66x84 


12x66 


790 




72 


4 


20 


107.3 


66x84 


12x66 


700 
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of coal, which corresponds to an eflSciency of about 60 per cent, and 
is about the average obtained in practice for heating boilers. 

The areas of uptake and smoke-pipe are figured on a basis of 
1 square foot to 7 square feet of grate surface, and the results given 
m round numbers. In the smaller sizes the relative size of smoke- 
pipe is greater. The rate of combustion runs from 6 pounds in the 
smaller sizes to 11 J in the larger. Boilers of the proportions given 
in the table, correspond well with those used in actual practice, and 
may be relied upon to give good results under all ordinary conditions. 

fVater-tube boilers are often used for heating purposes, but more 
especially in connection with power plants. The method of com- 
puting the required H. P. is the same as for tubular boilers. 

Sectional Boilers* Fig. 13 shows a common form of cast-iron 
boiler. It is made up of slabs or sections, each one of which is con- 
nected by nipples with headers at the sides and top. The top header 
acts as a 3team drum, and the lower ones act as mud drums; they also 
receive the water of condensation from the radiators. The gases 
from the fire pass backward and forward through flues and are finally 
taken off at the rear of the boiler. 

Another common form of sectional boiler is shown in Fig. 14. 
It is made up of sections which increase the length like the one just 
described. These boilers have no dnim connecting with the sections; 
but insitead, each section connects with the adjacent one through 
openings at the top and bottom, as shown. 

The ratio of heating to grate surface in boilers of this type ranges 
from 15 to 25 in the best makes. They are provided with the usual 
attachments, such as pressure-gauge, water-glass, gauge-cocks, and 
safety-valve; a low-pressure damper regulator is furnished for operat- 
ing the draft doors, thus keeping the steam pressure practically con- 
stant. A pressure of from 1 to 5 pounds is usually carried on these 
boilers, depending upon the outside temperature. The usual setting 
is simply a covering of some kind of non-conducting material like 
plastic magnesia or asbestos, although some forms are enclosed in 
light brickwork. 

In computing the required size, we may proceed in the same 
manner as in the case of a furnace. For the best types of house- 
heating boilers, we may assume a combustion of 5 pounds of coal per 
square foot of grate per hour, and an average efficiency of 60 per cent, 
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which corresponds to 8,000 B. T. U. per pound of coal, available for 
useful work. 

In the case of direct-steam heating, we have only to supply heat 
to offset that lost by radiation and conduction ; so that the grate area 
may be found by dividing the computed heat loss per hour by 8,000, 
which gives the number of pounds of coal; and this in turn, divided 
by 5, will give the area of grate required. The most efficient rate of 



Fig. 13. CoDunon Tfpe of Cast-Iron Sectional Boiler. Note Headers at Sides and Top 
Acting as Drums. 

combustion will depend somewhat upon the ratio between the grate 
and heating surface. It has been found by experience that about J 
of a pound of coal per hour for each square foot of heating surface 
gives the best results; so that, by knowing the ratio of heating surface 
to grate area for any make of heater, we can easily compute the most 
efficient rate of combustion, and from it determine the necessary grate 
area. 
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Ideal Sectional 



For example, suppose the heat loss from a building to be 480,000 
B. T. U. per hour, and that we wish to use a heater in which the ratio 
of heating surface to grate area is 24, What will be the most efficient 
rate of combustion and ^ j-. 

the required grate area? ■^W 

480,000 ^ 8,000 = 60 ^^-^^^ I^ 

pounds of coal per hour,, 
and 24-i-4=6, which is 
the best rate of combus- 
tion to employ; there- 
fore 60-^6= 10, the grate 
i^rea required. 

There are many dif 
ferent designs of cast- 
iron boilers for low-pres- 
sure steam and hot-water 
heating. In general, 
boilers having a drum 
connected by nipples <-«.««„ v ..»«n«« «aa««-r ■-««;«««. 

with each section give dryer steam and hold a steadier water- 
hne than the second form, especially when forced above their 
normal capacity. The steam, in passing through the openings 
between successive sections in order to reach the outlet, is apt to 
carry with it more or less water, and to choke the openings, thus 
producing an uneven pressure in different parts of the boiler. 

In the case of hot-water boilers this objection disappears. 

For steam work the opening between the sections should be of good 
size, with an ample steam space above the water-line; and the nozzles 
for the discharge of steam should be located at frequent intervals, 
EXAMPLES FOR PRACTICE 

1. The heat loss from a building is 240,000 B. T. U. per hour, 
and the ratio of heating to grate area in the heater to be used is 20. 
What will be the required grate area? Ans. 6 sq. ft. 

2. The heat loss from a building is 168,000 B. T. U. per hour, 
and the chimney draft is such that not over 3 pounds of coal per hour 
can be burned per square foot of grate. What ratio of heating to 
grate area will be necessary, and what will be the required grate area? 

Ans. Ratio, 12. Grate area, 7 sq. ft. 
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Cast-iron sectional boilers are used for dwelling-houses, small 
schodlhouses, churches, etc., where low pressures are carried. They 
are increased in size by adding more slabs or sections. After a certain 
length is reached, the rear sections become less and less efficient, thus 
limiting the size and power. 

Horse-Power for Ventilation. We already know that one 
B. T. U. will raise the temperature of 1 cubic foot of air 55 degrees, 
or it will raise 100 cubic feet ^hf of 55 degrees, or -jVij- of 1 degree; 
therefore, to raise 100 cubic feet 1 degree, it will take 1 -r ^%^jf, or ^' 
B. T. U.; and to raise 100 cubic feet through 100 degrees, it will take 
-V/ X 100 B. T. U. In other words, the B. T. U. required to raise 
any given volume of air through any number of degrees in tempera- 
ture, is equal to 

Volume of air in cubic ft. X Degrees raised 

55 '■ 

Example. How many B. T. U. are required to raise 100,000 
cubic feet of air 70 degrees? 

^QQ'<^ X ^Q = 127,272 + 

To compute the H. P. required for the ventilation of a building, 
we multiply the total air-supply, in cubic feet per hour, by the number 
of degrees through which it is to be raised, and divide the result by 55. 
This gives the B. T. U. per hour, which, divided by 33,000, will give 
the H. P. required. In using this rule, always take the aii^supply in 
cubic feet per hour. 

EXAMPLES FOR PRACTICE 

1. The heat loss from a building is 1,650,000 B. T. U. per hour. 
There is to be an air-supply of 1,500,000 cubic feet per hour, raised 
through 70 degrees. What is the total boiler H. P. required? 

Ans. 108. 

2. A high school has 10 classrooms, each occupied by 50 pupils. 
Air is to be delivered to the rooms at a temperature of 70 d^rees. 
What will be the total H. P. required to heat and ventilate the building 
when it is 10 degrees below zero, if the heat loss through walls and 
windows is 1,320,000 B. T. U. per hour? Ans. 106+. 

DIRECT-STEAM HEATING 

A system of direct-steam heating consists (1) of a furnace and 
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boiler for the combustion of fuel and the generation of steam; (2) a 
system of pipes for conveying the steam to the radiators and for 
returning the water of condensation to the boiler; and (3) radiators 
or coils placed in the rooms for diffusing the heat. 

Various types of boilers are used, depending upon the size and 
kind of building to be warmed. Some form of cast-iron sectional 
boiler is commonly used for dwelling-houses, while the tabular or 
water-tube boiler is more usually employed in larger buildings. 
Where the boiler is used for heating purposes only, a low steam-pres- 
sure of from 2 to 10 pounds is carried, and the condensation flows 
back by gravity to the boiler, which s placed below the lowest radi- 
ator. When, for any reason, a higher pres- 
sure is required, the steam for the heating 
system is made to pass through a reducing 
valve, and the condensation is returned to 
the boiler by means of a pump or return trap. 

Types of Radlatit^ Surface. The radi- 
ation used in direct-steam heating is made 
up of cast-iron radiators of various forms, 
of pipe radiators, and of circulation coils, 

Cast-Iron Radiators. The general form 
of a cast-iron sectional radiator is shown in 
Fig. 15. Radiators of this type are made 
up of sections, the number depending upon 
the amount of heating surface required. 
Fig. 16 shows an intermediate section of a 
radiator of this type. It is simply a loop 
with inlet and outlet at the bottom. The 
end sections are the same, except that they 
have legs, as shown in Fig. 17. These sections are connected at 
the bottom by special nipples, so that steam entering at the end 
fills the bottom of the radiator, and, being lighter than the air, rises 
through the loops and forces the air downward and toward the farther 
end, where it is discharged throi^h an air-valve placed about midway 
of the last section. For one-pipe steam work the swpply-leg section 
is constructed with low-drip hub, and for two-pipe steam work, the 
retum4eg section is constructed with low-drip hub. 

There are many designs varying in height and width, to 
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suit all conditions. The wall pattern shown in Fig. 18 is very con- 

I venieot when it is desired to place the radiator above the floor, as in 

bathrooms, etc.; it is also a con- 



venient form to place under the 

windows of halls and churches 

to counteract the effect of cold 

down drafts. It is adapted to 

nearly eveiy place where the or- 

dinaiy direct radiator can be 

used, and may be connected up 

in different ways to meet the vor- 

rious requirements. 

Alow and moderately shallow 

radiator, with ample space for the 

circulation of «r between the 

sections, is more effident than a 

deep radiator with the sections 

closely packed together. One- 

Lpia. 16. ThBBndsBctidns and two-column radiators, so 
Lt ngbt) have legs. 

called, are preferable to three* 
Bod four-column, when there is sufficient space to use them. 



,o: 



1& 




The standard height of a radiator is i 
possible, it is better not to exceed this. 



i inches, and, if 
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For small radiators, it is better practice to use lower sections and 
increase the length; this makes the radiator slightly more efficient 
and gives a much better appearance. 

To get the best results from wall radiators, they should be set 
out at leaiSt H inches from the wall to allow a free circulation of ^r 
back of them. Patterns having cross-bars should be placed, if 
possible, with the bars in a vertical position, as their efficiency is 
impaired somewhat when placed horizontally. 

Pipe Radiators. This type of radiator (see Fig. 19) is made up of 
wrought-iron pipes 
screwed into a cast- 
iron base. The 
pipes are eithercon- 
nected in pairs at 
the top by return 
bends, or each sep- 
arate tube has a 
thin metal dia- 
phragm passing up 
the center nearly to 
the top. It b nec- 
essary that a loop 
be formed, else a 
"dead end" would 
occur. This would 
become filled with 
air and prevent 
steam from enter- 
ing, thus causing portipns of the radiator to remain cold. 

Circulation Coils. These are usually made up of 1 or IJ-iach 
wpought-iron pipe, and may be hung on the walls of a room by means 
of hook plates, or suspended overhead on hangers and rolls. 

Fig. 20 shows a common form for schoolhouse and similar work; 
this coil is usually made of IJ-inch pipe screwed into headers or 
branch tees at the ends, and is hung on the wall just below the windows. 
This is known as a branch coil. Fig. 21 shows a trombone coil, which 
is conunonly used when the pipes cannot turn a comer, and where 
the entire coil must be placed upon one side of the room. Fig. 22 
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b called a miier toil, and is used under the same conditions as a trom- 
bone coil if there is room for the vertical portion. This foim is not 
so pleasing tn appearance as either of the other two, and is found only 
in factories or shops, where looks are of minor importance. 




Ptg.HX Comnum Form ofBruuh" CoU [or Clrnul&tlon ol Direct SUam. 

Overhead coils are usually of the miter form, lud on the side and 
suspended about a foot from the ceiling; they are less efficient than 
when placed nearer the floor, as the warm air stays at the ceiling and 
the lower part of the room is likely to remain cold. They are used 




Fig. n. "TramboDe' 



be Placed on One Side ct Room 



only when wall coils or radiators would be in the way of fixtures, or 
when they would come below the water-line of the boiler if placed 
oear the floor. 

When steam is first turned on a coil, it usually passes through a 




portion of the pipes first and heats them while the others remain cold 
and full of air. Therefore the coil must always be made up in such 
a way that each pipe shall have a certain amount of spring and may 
expand independently without bringing undue strains upon the others. 
Circulation coils should incline about 1 inch in 20 feet toward the 
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return end in order to secure proper drainage and quietness of opera- 
tion. 

Efficiency of Radiators. The efficiency of a radiator — ^that is, 
the B. T. U. which it gives off per square foot of surface per hour- 
depends upon the difference in temperature between the steam in the 
radiator and the surrounding air, the velocity of the air over the 
radiator, and the quality of the surface, whether smooth or rough. 
In ordinary low-pressure heating, the first condition is practically 
constant; but the second varies somewhat with the pattern of the 
radiator. An open design which allows the air to circulate freely 
over the radiating surfaces, is more efficient than a closed pattern, 
and for this reason a pipe coil is more efficient than a radiator. 

In a large number of tests of cast-iron and pipe radiators, working 
under usual conditions, the heat given off per square foot of surface 
per hour for each degree difference in temperature between the steam 
and surrounding air was found to average about 1 .7 B. T. U. The 
temperature of steam at 3 pounds' pressure is 220 degrees, and 220 — 70 
= 150, which may be taken as the average difference between the 
temperature of the steam and the air of the room, in ordinary low- 
pressure work. Taking the above results, we have 150 X 1 .7 = 255 
B. T. U. as the efficiency of an average cast-iron or pipe radiator. 
This, for convenient use, may be taken as 250. A circulation coil 
made up of pipes from 1 to 2 inches in diameter, will easily give off 
300 B. T. U. under the same conditions; and a cast-iron wall radiator 
with ample space back of it should have an efficiency equal to that 
of a wall coil. While overhead coils have a higher efficiency than 
cast-iron radiators, their position near the ceiling reduces their effec- 
tiveness, so that in practice the efficiency should not be taken over 
250 B. T. U. per hour at the most. Tabulating the above we have: 

TABLE XllI 
Efficiency of Radiators, Colls, etc. 



Type of Radiating Surface 


Radiation pbr Square Foot of Surface 

PER Hour 


Cast-Iron Sectional and Pipe Radiators 
Wall Radiators 
Ceiling Coils 
Wall Coils 


250 B. T. U. 
300 " 
200 to 250 " 
300 " 
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If the radiator is for warming a room which is to be kept at a 
temperature above or below 70 degrees, or if the steam pressure is 
greater than 3 pounds, the radiating surface may be changed in the 
same proportion as the difference in temperature between the steam 
and the air. 

For example, if a room is to be kept at a temperature of 60°, the 
efficiency of the radiator becomes HJ X 250 = 267; that is, the 
efficiency varies directly as the difference in temperature between the 
steam and the air of the room. It is not customary to consider this 
unless the steam pressure should be raised to 10 or 15 pounds or the 
temperature of the rooms changed 15 or 20 degrees from the normal. 

From the above it is easy to compute the size of radiator for any 
given room. First compute the heat loss per hour by conduction and 
leakage in the coldest weather; then divide the result by the effi- 
ciency of the type of radiator to be used. It is customary to make the 
radiators of such size that they will warm the rooms to 70 degrees in 
the coldest weather. As the low-temperature limit varies a good deal 
in different localities, even in the same State, the lowest temperature 
for which we wish to provide must be settled upon before any calcu- 
lations are made. In New England and through the Middle and 
Western States, it is usual to figure on warming a building to 70 
degrees when the outside temperature is from zero to 10 degrees 
below. 

The different makers of radiators publish in their catalogues, 
tables giving the square feet of heating surface for different styles and 
heights, and these can be used in determining the number of sections 
required for all special cases. 

If pipe coils are to be used, it becomes necessary to reduce square 
feet^f heating surface to linear feet of pipe; this can be done by means 
of the factors given below. 



Square feet of heating surface X -" 



The size of radiator is made only sufficient to keep the room 
warm after it is once heated; and no allowance is made for warming 
up; that is, the heat given off by the radiator is just equal to that lost 
through walls and windows. This condition is offset in two ways — 
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firstf when the room is cold, the difference in temperature between 
the steam and the air of the room is greater, and the radiator is more 
efficient; and second, the radiator is proportioned for the coldest 
weather, so that for a greater part of the time it is larger than neces- 
sary. 

EXAMPLES FOR PRACTICE 

1 . The heat loss from a room is 25,000 B. T. U. per hour in 
the coldest weather. What size of direct radiator will be required? 

Ans. 100 square feet. 

2. A schoolroom is to be warmed with circulation coils of IJ- 
inch pipe. The heat loss is 30,000 B. T. U. per hour. What length 
of pipe will be required? Ans. 230 linear feet. 

Location of Radiators. Radiators should, if possible, be placed 
in the coldest part of the room, as under windows or near outside 
doors. In living rooms it is often desirable to keep the windows free, 
in which case the radiators may be placed at one side. Circulation 
coils are run along the outside walls of a room under the windows. 
Sometimes the position of the radiators is decided by the necessary 
location of the pipe risers, so that a certain amount of judgment must 
be used in each special case as to the best arrangement to suit all 
requirements. 

Systems of Piping. There are three distinct systems of piping, 
known as the two-pipe system, the one-pipe.rdi^ system, and the one^ 
pipe circuit system, with various modifications of each and combina- 
tions of the different systems. 

Fig. 23 shows the arrangement of piping and radiators in the 
two-pipe system. The steam main leads from the top of the boiler, 
and the branches are carried along near the basement ceiling. Risers 
are taken from the supply branches, and cari-ied up to the radiators 
on the different floors; and return pipes are brought down to the 
return mains, which should be placed near the basement floor below 
the water-line of the boiler. Where the building is more than two 
stories high, radiators in similar positions on different floors are con- 
nected with the same riser, which may run to the highest floor; and a 
corresponding return drop connecting with each radiator is carried 
down beside the riser to the basement. A system in which the main 
horizontal returns are below the water-line of the boiler is said to 
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have a wet or seaUd return. If the returns are overhead and above the 
water-line, it is called a dry return. Where the steam is exposed to 
extended surfaces of water, as in overhead returns, where the con- 
densation partially fills the pipes, there is •likely to be crackiiig or 
water-hammer, due to the sudden condensation of the steam as it 
comes in contact with the cooler water. This is especially noticeable 
when steam is first turned into cold pipes and radiators, and the con- 
densation is excessive. When dry returns are used, the pipes should 
be lai^ and have a good pitch toward the boiler. 

In the case of sealed returns, the only contact between the steam 




Fig 23. Arrangenu 



Piping and Radiators In Two-Pipe" i 



and standmg water is in the vertical returns, where the exposed sur- 
faces are very small {bemg equal to the sectional area of the pipes), 
and trouble from water-hammer is practically done away with Dry 
returns should be given an incline of at least 1 inch in 10 feet, while 
for wet returns 1 inch in 20 or even 40 feet is ample. The ends of all 
steam mains and branches should be dripped into the returns. If the 
return is sealed, the drip maybe directly connected as shown in Fig. 
24; but if it is dry, the connection should be provided with a siphon 
loop as indicated in Fig. 25. The loop becomes filled with water 
and prevents steam from flowing directly into the return. As the 
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Fig. 24. Drip from Steam Main Connected Directly 

to Sealed Return. 



condensation collects in the loop, it overflows into the return pipe and 
is carried away. The return pipes in this case are of course filled with 
steam above the water; but it is steam which has passed through 
the radiators and their return connections, and is therefore at a 

slightly lower pressure; steaLrr. M^^r. 

so that, if steam were ad- B ^ 

mitted directly from the 

main, it would tend to 

hold back the water in 

more distant returns and 

cause sui^ng and crack- 

mg in the pipes. Some- 

times the boiler is at a 

lower level than the basement in which the returns are run, and it then 

becomes necessary to establish a false water-line. This is done by 

making connections as shown in Fig. 26. 

It is readily seen that the return water, in order to reach the 
boiler, must flow through the trap, which raises the water-line or 
seal to the level shown by the dotted line. The balance pipe is to 
equalize the pressure above and below the water in the trap, and 
prevent siphonic action, which would tend to drain the water out of 
the return mains after a flow was once started. 

The balance pipe, when possible, should be 15 or 20 feet in 
length, with a throttle-valve placed near its connection with the 

main. This valve 

«^ 



Sleam 



S luAiOi^ 



should be opened just 
enough to allow the 
steam-pressure to act 
upon the air which oc- 
cupies the space above 
the water in the trap; 
but it should not be 
opened suflBciently to 
allow the steam to 
enter iii large volume and drive the air out. The success of this 
arrangement depends upon keeping a layer or cushion of cool air 
next to the surface of the water in the trap, and this is easily done 
by following the method here described. 



^ 



Fig. 25. Use of Siphon in Connecting Drip from Steam 
Main to a "Dry" Return. 
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One-Pipe Relief System. In this system of piping, the radiators 
have but a single connection, the steam flowing in and the condensa- 
tion draining out through the same pipe. Fig. 27 shows the method 
of running the pipes for this system. The steam main, as before, 
leads from the top of the boiler, and is carried to as high a point as the 
basement ceiling will allow; it then slopes downward with a grade 
of about 1 inch in 10 feet, and makes a circuit of the building or a 
portion of it. 

Risers are taken from the top and carried to the radiators above, 
as in the two-pipe system; but in this case, the condensation flows 
back through the same pipe, and drains into the return main near the 

floor through 
drip connections 
which are made 
at frequent in- 
tervals. In a 
twoHstory build- 
ing, the bottom 
of each riser to 
the second floor 
is dripped; and 
in larger build- 
ings, it is cus- 
tomary to drip 
each riser that 
has more than 
* one radiator con- 

nected with it. If the radiators are large and at a considerable dis- 
tance from the next riser, it is better to make a drip connection for 
each radiator. When the return main is overhead, the risers should 
be dripped through siphon loops; but the ends of the branches 
should make direct connection with the returns. This is the reverse 
of the two-pipe system. In this case the lowest pressure is at the 
ends of the mains, so that steam introduced into the returns at these 
points will cause no trouble in the pipes connecting between these and 
the boiler. 

If no steam is allowed to enter the returns, a vacuum will be 
formed, and there will be no pressure to force the water back to the 




FiJJ. 28. Connections Made to Establish "False" Water-Line 
when Boiler Is below basement LeveL 
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boiler. A check-valve should always be placed in the main return 
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; of Plptag ana fladlators In "One-Pipe Relier' Syateio. 



near the boiler, to prevent the water from flowing out in case of a 
vacuum being formed suddenly in the pipes. 




Pig 28. Arrangement ol Piping and 



There is but little difference in the cost of the two systems, as 
laiger pipes and valves are required for the single-pipe method 
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With radiators of medium size and properly proportioned connections, 
the single-pipe system in preferable, there being but one valve to 
operate and only one-half the number of risers passing through the 
lower rooms. 

One-Pipe Circuit System. In this case, illustrated in Fig. 28, the 
steam main rises to the highest point of the basement, as before; and 
then, with a considerable pitch, makes an entire circuit of the build- 
ing, and again connects with the boiler below the water-line. Single 

risers are taken 
from the top; and 
the condensa- 
tion drains back 
through the 
same pipes, and 
is carried along 
with the flow of 
steam to the ex- 
treme end of the 
main, where it is 
returned to the 
boiler. The 
main is made 
large, and of 
the same size 

throughout its entire length. It must be given a good pitch to insure 
satisfactory results. 

One objection to a single-pipe system is that the steam and return 
water are flowing in opposite directions, and the risers must be made 
of extra large size to prevent any interference. This is overcome in 
large buildings by carrying a single riser to the attic, large enough 
to supply the entire building; then branching and running "drops" 
to the basement. In this system the flow of steam is downward, as 
well as that of water. This method of piping may be used with good 
results in two-pipe systems as well. Care must always be taken that 
no potekets or low points occur in any of the lines of pipe; but if for 
any reason they cannot be avoided, they should be carefully drained. 
A modification of this system, adapting it to large buildings, is 
shown in diagram in Fig. 29. The riser shown in this case is one of 
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Fig. 39.^ ''One-Pipe Cirenit" Svstem. Adapted to a Large 
j Building. 
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several, the number dependmg upon the size of the building; and 
may be supplied at either bottom or top as most desirable. If steam 
b supplied at the bottom of the riser, as shown in the cut, all of the 
drip connections with the return drop, except the upper one, should 




aamt uaA Return. 




Connection ol Badla- 



be sealed with either a siphon loop or a check-valve, to prevent the 
steam from short-circuiting and holding back the condensation in the 
returns above. If an overhead supply is used, the arrangement 
should be the reverse; that is, all return connections should be sealed 
except the lowest. 

Sometimes a separate drip is carried down from each set of 
radiators, as shown on the lower stoiy, being connected with the 
main return below the water-line of the 
boiler. In case this is done, it is well to 
provide a check-valve in each drip below 
the water-line. 

In buildings of any considerable size, 
it b well to divide the piping system into 
sections by means of valves placed in the 
corresponding supply and return branches. 
These are for use in case of a break in 
any part of the system, so that it will be 
necessary to shut off only a small part of 
the heating system during repairs. In tall buildings, it is customary 
to place valves at the top and bottom of each riser, for the same 
purpose. 

Radiator Connections. Figs. 30, 31, and 32 show the commoD 
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methods of making connections -between supply pipes and radiators. 
Fig. 30 shows a two-pipe connection with a riser; the return is.carried 
down to the main below. Fig. 31 shows a single-pipe connection 
with a basement main; and Fig. 32, a single connection with a riser. 

Care must always be taken to make the horizontal part of the 
piping between the radiator and riser as short as possible, and to give 
it a good pitch toward the riser. There are various ways of making 
these connections, especially suited to different conditions; but the 
examples given serve to show the general principle to be followed. 

Figs. 20, 21, and 22 show the common methods of making steam 
and return connections with circulation cqils. The position of the 
air-valve is shown in each case. 

Expansion of Pipes. Cold steam pipes expand approximately 
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Fig. 33. Elevation and Plan of Swivel-Joint to Counteract Effects of Expansion and 

Contraction in Pipes. 

1 inch in each lOO feet in length when low-pressure steam is turned 
into them; so that, in laying out a system of piping, we must arrange 
it in such a manner that there will be sufficient "spring" or "give" to 
the pipes to prevent injurious strains. This is done by means of off- 
sets and bends. In the case of larger pipes this simple method will 
not be sufficient, and swivel or slip joints must be used to take up the 
expansion. 

The method of making up a swivel-joint is shown in Fig. 33. 
Any lengthening of the pipe A will be taken up by slight turning or 
swivel movements at the points B and C A slip-joint is shown in 
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Fig. 34. The part c slides inside the shell d, and \a made steam- 
ti^t by a stuffing-box, as shown. The pipes are coonected at the 
flanges^ andB. 




vanized-ilon 

sleeves having a 

diameter from | to 1 inch greater than the pipe. Fig. 35 shows a 
form of adjustable floor-sleeve 
which may be lengthened or 
shortened to conform to the 
thickness of floor or partition. 
If plain sleeves are used, a 
plate should be placed around 
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Sleeve lor Carrying pipe IhrougU 



the pipe where it passes through the floor or partition. These are 
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made in two parts so that they may be put in place after th« pipe is 
hung. A plate of this kind b shown in Fig. 36. 
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Valves. The different styles commonly used for radiator con- 
nections are shown in Figs. 37, 38, and 39, and are known as angler 
ojfset, and comer valves, respectively. The first is used when the 
radiator is at the top of a riser or when the connections are like thoae 
shown in Figs. 30, 31, and 32; the second is used when the connecti«) 




D 



between the riser and radiator is aix>ve the floor; and the third, wheo 
the radiator has to be set close in the comer of a room and there is not 
space for the usual connection. 

A ffUibe valve should never be used in a horizontal steam supply 
or dry return. The reason for this is plainly 
shown in Fig, 40. In order for water to flow- 
through the valve, it must rise to a h^ht 
shown by the dotted line, which would half 
fill the pipes, and cause serious trouble from 
water-hammer. The gate valve shown in 
Fig. 41 does not have this undesirable fea^ 
ture, as the opening is on a level with the 
bottom of the pipe. 
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. Simplest Form DC Air- Valve. Operated by BuuL 



Air-Valves. Valves of various kinds are used for fredog the 
radiators from air when steam is turned on. Fig. 42 shows the 
simplest form, which is operated by hand. Fig. 43 is a type of auto- 
matic valve, consisting of a shell, which is attached to the radiator. 
S 's a. small opening which may be closed by the spindle C, whidi 
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is provided with a conical end. D is a strip composed of a layer of 
iron or steel and one of brass soldered or brazed together. The 
action of the valve is as follows : 
when the radiator is cold and filled 
with ajr the valve stands as shown 
in the cut. When steam is tumeJ 
on, the air is driven out through 
the opening B. As soon as this 
is expelled and steam strikes the 
strip D, the two prongs spring 
apart owing to the unequal ex- 
pansion of the two metals due to 
the heat of the steam. This 
raises the spindle C, and closes 
the opening so that no steam can 
escape. If air should collect in 
the valve, and the metal strip 
become cool, it would contract, 
and the spindle would drop and 
allow the air to escape through B 
as before. £ is an adjusting nut. Fisa float attached to the spindle, 
and is supposed, in case of a sudden rush 
of water with the air, to rise and close the 
opening; this action, however, is some- 
what uncertain, especially if the pressure 
of water continues for some time. 

There areother types of valves acting 
on the same principle. The valve shown 



Pie. 4B. Automatlo Alr-Valva 

operated by Expansion of 

Drum(7niie toVapoiiza- 

tttiii ol Alcohol wUh 
which It la PoTllr 



in Fig. 44 is closed by the expansion of a piece of vulcanite instead 
of a metal strip, and has no water float 
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The valve shown in Fig. 45 acts on a somewhat different prin- 
ciple. The float C Is made of thin brass, closed at top and bottom, 
and is partially filled with wood alcohol. When steam strikes the 
float, the alcohol is vaporized, and creates a pressure suflScient to 
bulge out the ends slightly, which raises the spindle and closes the 
opening B. 

Fig. 46 shows a form of so-called vacuum valve. It acts in a 
similar manner to those already described, but has in addition a 
ball check which prevents the air from being 
drawn into the radiator, should the steam go 
down and a vacuum be formed. If a partial 
vacuum exists in the boiler and radiators, the 
boiling point, and consequently the tempera- 
ture of the steam, are lowered, and less heat is 
given off by the radiators. This method of 
operating a heating plant is sometimes advo- 
cated for spring and fall, when little heat b re- 
quired, and when steam under pressure would 
overheat the rooms. 

Pipe Sizes. The proportioning of the steam 
pipes iii a heating plant is of the greatest im- 
portance, and should be carefully worked out 
I by methods which experience has proved to be 
correct. There are several ways of doing this; 
but for ordinary conditions, Tables XIV, XV, 
and XVI have given excellent results in actual practice. TTiey 
have been computed from what is known as D'Arcy's formula, with 
suitable corrections made for actual working conditions. As the 
computations are somewhat complicated, only the results will be ^ven 
here, with full directions for their proper use. 

Table XIV gives the flow of steam in pounds per minute for 
pipes of different diameters and with varying drops in pressure be- 
tween the supply and discharge ends of the pipe. These quantities 
are for pipes 100 feet in length; for other lengths the results must be 
corrected by the factors ^ven in Table XVI. As the length of pipe 
increases, friction becomes greater, and the quantity of steam dia- 
charged in a ^ven time is diminished. 

Table XIV is cconputed on the assumption that the drop in 




Fig. 48, Vaeuam Valve. 
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TABLE XIV 

Flow of Steam in Pipes of Various Sizes, witli Various Drops in Pros* 

sure l>etween Supply and Discliarge Ends 

Calculated for 100-Foot Lengths of Pipe 



: ' — 






Drop in Pressure (Pounds) 








M 


H 


H 


1 


IH 


2 


.3 


4 


5 


1 


.44 


.63 


.78 


91 


1.13 


1.31 


1.66 


1.97 


2.26 


IM 


.81 


1.16 


1.43 


1.66 


2.05 


2.39 


3.02 


3.59 


4.12 


IH 


1.06 


1.89 


2.34 


2.71 


3.36 


3.92 


4.94 


5.88 


6.75 


2 


2.93 


4.17 


5.16 


5.99 


7.43 


8.65 


10.9 


13.0 


14.9 


2}i 


5.29 


7.52 


9.32 


10.8 


13.4 


15.6 


19.7 


23.4 


26.9 


3 


8.61 


12.3 


15.2 


17.6 


21.8 


25.4 


32 


31.8 


43.7 


SH 


12.9 


18.3 


22.6 


26.3 


32.5 


37.9 


47.8 


56.9 


65.3 


4 


18.1 


25.7 


31.8 


36.9 


45.8 


53.3 


67.2 


80.1 


91.9 


5 


32.2 


45.7 


56.6 


65.7 


81.3 


94.7 


120 


142 


163 


6 


51.7 


73.3 


90.9 


106 


131 


152 


192 


229 


262 


7 


76.7 


109 


135 


157 


194 


226 


285 


339 


390 


8 


108 


154 


190 


222 


274 


319 


402 


478 


549 


9 


147 


209 


258 


299 • 


371 


432 


545 


649 


745 


10 


192 


273 


339 


393 


487 


567 


715 


852 


977 


12 


305 


434 


537 


623 


771 


^^99 


1,130 


1,350 


1,550 


15 


535 


761 


942 


1,090 


1,350 


1,580 


1,990 


2,370 


2,720 



pressure between the two ends of the pipe equals the initial pressure. 
If the drop in pressure is less than the initial pressure, the actual 
discharge will be slightly greater than the quantities given in the table; 

TABLE XV 
Factors for Calculatins: Flow of Steam in Pipes under Initial Pres- 
sures above Five Pounds 

To be used in connection with Table XIV 



Drop in 
Pressure 


Inhial Pressure (Founds) 


IN Pounds 


10 


20 


30 


40 


60 


80 


J 

1 
2 
3 
4 
5 


1.27 
1.26 
1.24 
1.21 
1.17 
1.14 
1.12 


1.49 
1.48 
1.46 
1.41 
1.37 
1.34 
1.31 


1.68 
1.66 
1.64 
1.59 
1.55 
1.51 
1.47 


1.84 
1.83 
1.80 
1.75 
1.70 
1.66 
1.62 


2.13 
2.11 
2.08 
2.02 
1.97 
1.92 
1.87 


2.38 
2.36 
2.32 
2 . 26 
2.20 
2.14 
2.09 



but this difference will be small for pressures up to 5 pounds, and may 
be neglected, as it is on the side of safety. For higher initial pressures, 
Table XV has been prepared. This is to be used in connection with 
Table XIV as follows: First find from Table XIV the quantity of 
steam which will be discharged through the given diameter of pipe 
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TABLE XVI 

Factors for Calculating Flow of Steam In Pipes of Other Lengths 

than 100 Feet 



Pbet 


Factor 


Feet 


1 
Factor 


Feet 


Factor 


Feet 


Factor 


10 


3.16 


120 


.91 


275 


.60 


600 


.40 


20 


2.24 


130 


.87 


300 


.57 


650 


.39 


30 


1.82 


140 


.84 


325 


.55 


700 


.37 


40 


1.58 


/ 150 


.81 


350 


.53 


750 


.36 


50 


1.41 


160 


.79 


375 


.51 


800 


.35 


60 


1.29 


170 


.76 


400 


.50 


850 


.34 


70 


1.20 


180 


.74 


. 425 


.48 


900 


.33 


80 


1.12 


190 


.72 


450 


.47 


950 


.32 


90 


1.05 


200 


.70 


475 


.46 


1,000 


.31 


100 


1.00 


225 


.66 


500 


.45 






110 


.95 


250 


.63 


550 


.42 







with the assumed drop in pressure; then look in Table XV for the 
factor corresponding with the assumed drop and the higher initial 
pressure to be used. The quantity given in Table XIV, multiplied 
by this factor, will give the actual capacity of the pipe under the given 
conditions. 

Example — What weight of steam will be discharged through a 3-inch 
pipe 100 feet long, with an initial pressure of 60 pounds and a drop of 2 pounds? 

Looking in Table XIV, we find that a 3-inch pipe will dis- 
charge 25 . 4 pounds of steam per minute with a 2-pound drop. Then 
looking in Table XV, we find the factor corresponding to 60 pounds 
initial pressure and a drop of 2 pounds to be 2.02. Then according 
to the rule given, 25.4 X 2.02 = 51 .3 pounds, which is the capacity 
of a 3-inch pipe under the assumed conditions. 

Sometimes the problem will be presented in the following way: 
What size of pipe will be required to deliver 80 pounds of steam a 
distance of 100 feet with an initial pressure of 40 pounds and a drop 
of 3 pounds? 

We have seen that the higher the initial pressure with a given 
drop, the greater will be the quantity of steam discharged; therefore 
a smaller pipe will be required to deliver 80 pounds of steam at 40 
pounds than at 3 pounds initial pressure From Table XV, we find 
that a given pipe will discharge 1 .7 times as much steam per minute 
with a pressure of 40 pounds and a drop of 3 pounds, as it would with 
a pressure of 3 pounds, dropping to zero. From this it is evident 
that if we divide 80 by 1 .7 and look in Table XIV under "3 pounds 



72 



HEATING AND VENTILATION 63 

drop" for the result thus obtained, the size of pipe corresponding will 
be that required. Now, 80 -r 1 .7 = 47. The nearest number in the 
table marked "3 pounds drop" is 47.8, which corresponds to a 3^- 
inch pipe, which is the size required. 

These conditions will seldom be met with in low-pressure heating, 
but apply mote particularly to combination power and heating plants, 
and will be taken up more fully under that head. For lengths of 
pipe other than 100 feet, multiply the quantities given in Table XIV 
by the factors found in Table XVI. 

Example — What weight of steam will be discharged per minute through 
a 3}-inch pipe 450 feet long, with a pressure of 5 pounds and a drop of } pound? 

Table XIV, which may be used for all pressures below 10 pounds, 
gives for a S^-inch pipe 100 feet long, a capacity of 18.3 pounds for 
the above conditions. Looking in Table XVI, we find the correction 
factor for 450 feet to be .47. Then 18.3 X .47 = 8.6 pounds, the 
quantity of steam which will be discharged if the pipe is 450 feet 
long. 

Examples involving the use of Tables XIV, XV, and XVI in 
combination, are quite common in practice. The following example 
will show the method of calculation: 

What size of pipe will be required to deliver 90 pounds of steam per 
minute a distance of 800 feet, with an initial pressure of 80 pounds and a drop 
of 5 pounds? 

Table XVI gives the factor for 800 feet as .35, and Table XV, 

that for 80 pounds pressure and 5 pounds drop, as 2.09. Then 

90 
-— — ^— - = 123, which is the equivalent quantity we must look 

for in Table XIV. We find that a 4-inch pipe will discharge 91.9 
pounds, and a 5-inch pipe 163 pounds. A 4i-inch pipe is not com- 
monly carried in stock, and we should probably use a 5-inch in this 
case, unless it was decided to use a 4-inch and allow a slightly greater 
drop in pressure. In ordinary heating work, with pressures varying 
from 2 to 5 pounds, a drop of J pound in 100 feet has been found to 
give satisfactory results. 

In computing the pipe sizes for a heating system by the above 
methods, it would be a long process to work out the size of each 
branch separately. Accordingly Tabje XVII has been prepared for 
ready use in low-pressure work. 
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As most direct heating systems, and especially those in school- 
houses, are made up of both radiators and circulation coils, an effi- 
ciency of 300 B. T. U. has been taken for direct radiation of whatever 
variety, no distinction being made between the different kinds. This 
gives a slightly larger .pipe than is necessary for cast-iron radiators; 
but it is probably offset by bends in the pipes, and in any case gives a 
slight factor of safety. We find from a steam table that the latent 
heat of steam at 20 pounds above a vacuum, (which corresponds to 
5 pounds' gauge-pressure) is 954 + B.T.U. — which means that, for 
every pound of steam condensed in a radiator, 954 B. T, U. are given 
off for wanning the air of the room. If a radiator has an efficiency 
of 300 B. T. U., then each square foot of surface will condense 300 4- 
954 = .314 pound of steam per hour; so that we may assume in 
round numbers a condensation of J of a pound of steam per hour for 
each square foot of direct radiation, when computing the sizes of 
steam pipes in low-pressure heating. Table XVII has been calculated 
on this assumption, and gives the square feet of heating surface 

TABLE XVII 
Heatlns: Surface Supplied by Pipes of Various Sizes 

Length of Pipe, 100 Feet 





flrw rw ^TM! 


Square Febt or '. 


Seating Surface 








J Pound Drop 


i Pound Drop 




1 


80 


' 114 






li 


145 


210 






li 


190 


340 






2 


525 


750 






2J 


950 


1,350 






3 


1,550 


2,210 






3J 


2,320 


3,290 






4 


3,250 


4,620 






5 


6,800 


8,220 






6 


9,320 


13,200 






7 


13,800 


19,620 






8 


19,440 


27,720 





which different sizes of pipe will supply, with drops in pressure of 
J and i pounds in each 100 feet of pipe. The former should be used 
for pressures from 1 to 5 pounds, and the latter may be used for 
pressures over 5 pounds, under ordinary conditions. The sizes of 
long mains and special pipes of large size should be proportioned 
directly from Tables XIV, XV, and XVI, 
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Where the two-pipe system is used and the radiators have sepa- 
rate supply and return pipes, the risers or vertical pipes may be taken 
from Table XVII; but if the single-pipe system is used, the risers 
must be increased in size, as the steam and water are flowing in oppo- 
site directions and must have plenty of room to pass each other. It 
is customary in this case to base the computation on the velocity of 
the steam in the pipes, rather than on the drop in pressure. Assum- 
ing, as before, a condensation of one-third of a pound of steam per 
hour per square foot of radiation. Tables XVIII and XIX have been 
prepared for velocities of 10 and 15 feet per second. The sizes given 
in Table XIX have been found sufficient in most cases; but the larger 
sizes, based on a flow of 10 feet per second, give greater safety and 
should be ijiore generally used. The size of the largest riser should 
usually be limited to 2^ inches in school and dwelling-house work, 
unless it is a special pipe carried up in a concealed position. If the 
length of riser is short between the lowest radiator and the main, a 
higher velocity of 20 feet or more may be allowed through this por- 
tion, rather than make the pipe excessively large. 



TABLE XVIII 


TABLE XIX 


Radlatlns: Surface Supplied by Steam Risers 


10 Feet per Second Velocity 


16 Feet per Second Velocitt 


Size of Pipe 


Sq. Feet of RadiatioD 


Size of Pipe 


Sq. Feet of Radiation 


1 in. 


30 


1 in. 


50 


U " 


60 


U " 


90 


li " 


80 


li " 


120 


2 " 


130 


2 " 


200 


2J " 


190 


2J " 


290 


3 " 


290 


3 " 


340 


3i " 


300 


3J '^ 


590 



EXAMPLES FOR PRACTICE 

1. How many pounds of steam will be delivered per minute^ 
through a S^-inch pipe 600 feet long, with an initial pressure of 5 
pounds and a drop of ^ pound? Ans. 7.32 pounds. 

2. Wh X size pipe will be required to deliver 25.52 pounds 
of steam per minute with an initial pressure of 3 pounds and a drop 
of J pound, the length of the pipe being 50 feet? Ans. 4-irich, 

3. Compute the size of pipe required to supply 10,000 square 
feet of direct radiation (assume J of a pound of steam per square 
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foot per hour) where the distance to the boiler house is 300 feet, and 
the pressure carried is 10 pounds, allowing a drop in pressure of 
4 pounds. Ans. 5-inch (this is slightly larger than is required, while 
a 4-inch is much too small). 

TABLE XX 
Sizes of Returns for Steam Pipes (in Indies) 



Diameter of Steam Pipe 


Diameter or Dry Return 


Diameter or Sealed Returm 


1 


1 


} 


li 


1 


1 


li 


u 


1 


2 


li 


u 


2J 


2 


li 


3 


2i 


2 


3i 


2i 


2 


4 


3 


2i 


5 


3 


2i 


6 


3i 


3 


7 


3i 


3 


& 


4 


3i 


9 


5 


3i 


10 


5 


4 


12 


6 


5 



Returns. The size of return pipes is usually a matter of custom 
and judgment rather than computation. It is a common rule among 
steamfitters to make the returns one size smaller than the corre- 
sponding steam pipes. This is a good rule for the smaller sizes^ but 
gives a larger return than is necessary for the larger sizes of pipe. 
Table XX gives different sizes of steam pipes with the corresponding 
diameters for dry and sealed returns. 

TABLE XXI 
Pipe Sizes for Radiator Connections 



Square Feet of Radiation 


Steam 


Return 


Two-Pipe 


10 to 30 
30 to 48 
48 to 96 
96 to 150 


Jinch 
1 " 
li " 

li " 


finch 

J „ 
1 " 


Single-Pipe 


10 to 24 
24 to 60 
60 to 80 
80 to 130 


1 inch 

li " 
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The length of run and number of turns in a return pipe should 
be noted, and any unusual conditions provided for. Where the 
condensation is discharged through a trap into a lower pressure, the 
sizes given may be slightly reduced, especially among the larger 
sizes, depending upon the differences in pressure. 

Radiators are usually tapped for pipe connections as shown in 
Table XXI, and these sizes may be 
used for the connections with the 

« 

mains or risers. 

Boiler Connections. The steam 
main should be connected to the 
rear nozzle, if a tubular boiler is 
used, as the boiling of the water is 
less violent at this point and dryer 
steam will be obtained. The shut- 
off valve should be placed in such a position that pockets for the 
accumulation of condensation will be avoided. Fig. 47 shows a good 
position for the valve. 

The size of steam connection may be computed by means of the 
methods already given, if desired. But for convenience the sizes 
given in Table XXII may be used with satisfactory results for the 
short runs between the boilers and main header. 



Fig 47. Good Position for Shut-Off 
Valve. 



TABLE XXII 
Pipe Sizes from Boiler to Main Header 



Diameter of Boiler 



36 inches 

42 

48 

54 

60 

66 

72 



Size or Steam Pipe 



3 inches 

4 

4 

5 

5 

6 

6 



« 
ft 
it 
It 
tt 
It 



The return connection is made through the blow-off pipe, and 
should be arranged so that the boiler can be blown off without draining 
the returns. A check-valve should be placed in the main return, and 
a plug-cock in the blow-off pipe. Fig. 48 shows in plan a good 
arrangement for these connections. 
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The feed connections, with the exception of that part exposed 
in the smoke-bonnet, are always made of brass in the best class of 
work. The small section referred to should be of extra heavy wrought 
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Fig. 48. A Good Arrangement of Return and Blow-Off Connections. 

fron. The branch to each boiler should be provided with a gate 
or globe valve and a check-valve, the former being placed next to the 
boiler.* 

Table XXIII gives suitable sizes for return, blow-oflf, and feed 
pipes for boilers of different diameters. 

TABLE XXIII 
Sizes for Retttrn* Blow-Off, and Feed Pipes 



DiAMZTAi* OF Boiler 


SiZK OF Pipe 
FOR Gravity Return 


Size of Blow-Off 
Pipe 


Size of Feed Pipe 


36 inches 


1) inches 


1} inches 


1 inch 


42 " 


2 " 


li '' 




48 " 


2 " 


IJ •' 




54 " 


2i " 


2 " 


* ■ ! 


60 " 


2i " 


2 " 




66 " 


3 " 


2i " 


1* "• 


72 " 


3 " 


2J " 


li ■ 



Blow-Ofif Tank. Where the blow-off pipe connects with a 
sewer, some means must be provided for cooling the water, or the 
expansion and contraction caused by the hot water flowing through 
the drain-pipes will start the joints and cause leaks. For this reason 
it is customary to pass the water through a blow-off tank. A form 
of wrought-iron tank is shown in Fig. 49. It consists of a receiver 
supported on cast-iion cradles. The tank ordinarily stands nearly 
full of cold water. 

The pipe from the boiler enters above the water-line, and the 
sewer connection leads from near the bottom, as shown. A vapor 
pipe is carried from the top of the tank above the roof- of the building. 
When water from the boiler is blown into the tank, cold water from 
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the bottom flows into the sewer, and the steam is carried off through 
the vapor pipe. The equalizing pipe is to prevent any siphon action 
which might draw the water out of the tank after a flow is once started. 
As only a part of the water is blown out of a boiler at one time, the 
blow-off tank can be of a comparatively small size. A tank 24 by 48 
inches should be large enough for boilers up to 48 inches in diameter; 
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Fig. 49. Connections of Blow-Off Tank. 



tft 



TO sewER 



and one 36 by 72 inches should care for a boiler 72 inches in diameter. 
If smaller quantities of water are blown off at one time, smaller tanks 
can be used. The sizes given above are sufficient for batteries of 2 or 
more boilers, as one boiler can be blown off and the water allowed to 
cool before a second one is blown off. Cast-iron tanks are often 
used in place of wrought-iron, and these may be sunk in the ground 
if desired. 
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INDIRECT STEAM HEATINO 

As already stated, in the indirect method of steam heating, a 
special form of heater is placed beneath the floor, and encased in 
galvanized iron or in brickwork. A cold-air box is connected with 
the space beneath the heater; and warm-air pipes at the top are 
connected with registers in the floors or walls as already described for 
furnaces. A separate heater may be provided for each register if the 
rooms are large, or two or more registers may be connected with the 
same heater if the horizontal runs of pipe are short. Fig. 50 shows 
a section through a heater arranged for introducing hot air into a 
room through a floor register; and Fig. 51 shows the same type of 
heater connected with a wall register. The cold-air box is seen at 
the bottom of the casing; and the air, in passing through the spaces 
between the sections of the heater, becomes warmed, and rises to the 
rooms above. 

Different forms of indirect heaters are shown in Figs. 52 and 53. 
Several sections con- 
nected in a single group ^ _ _ -t^^tt ^^ _ 

are called a stack. Some- 
times the stacks are en- 
cased in brickwork built 
up from the basement 
floor, instead of in gal- 
vanized iron a^ shown in 
the cuts. This method 
of heating provides fresh 
airforventilation,and for 
this reason is especially 

adapted for schoolhouses, hospitals, churches, etc. As com- 
pared with furnace heating, it has the advantage of being less 
affected by outside wind-pressure, as long runs of horizontal pipe 




d under Floor Beglstei 



72 



HEATING AND VENTILATION 



are avoided and the heatera can be placed near the registers. In a 
large building where several furnaces would be required, a single 

boiler can be 
used, and the 
number of stacks 
increased to suit 
the existing con- 
ditions, thus 
making it neces- 
sary to run but 
a single fire. An- 
other advantage 
is the large ratio 
between the 
heating and 
grate surface as 
compared with a 
warmed to a moder- 
ate temperature, in place of a smaller quantity heated to a much 
higher temperature. This gives a more agreeable quality to the air. 
Direct and indirect systems are often combined, in the living rooms, 
hallways and corridors, having only direct radiators for warming. 
Types of Heaters. Various forms of indirect radiators are shown 
in Figs. 52, 53, 54, and 56. A hot-wafer radiator may be used for 
steam; but a steam radiator cannot always be used for hot water, as 




Fig. Gl, StesiD Henler CaoDGcted lo Wall ReiiBter — 

lndi«« System. 

Courta^ of American Badiator Company, Chicago 

furnace; and as a result, a large quantity of 




Fig. 63. Oue Form ot indirecl Steam or Hot-Water Heawr. 



it must be especially designed to produce a continuous flow of watet 
through it from top to bottom. Figs. 54 and 55 show the outside 
and the interior construction of a conuuon pattern of indirect radiator 
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defigned especially for steam. The arrows in Fig. 55 indicate the 
path of the steam through the radiator, which is supplied at the nght, 
while the return connection is at the left. The air-valve in this case 
should be connected in the end of the last section near the return. 




Fie. ES. Aoocher Form ol Indirect Steam or Hot- Water Heater. 

A very efficient form of radiator, and one that is especially adapted 
to the warming of lai^e. volumes of air, as in sehoolhouse work, is 
shown in Fig. 56, and is known as the School pin radiator. This can 




Tig. 6t. Bxterior View of a Common Type ot Radiator for 



be used for either steam or hot water, as there is a continuous passage 
downward from the supply connection at the top to the return at the 
bottom. These sections or stabs are made up in stacks after the 



JK^ 



Fig, G5. Interior Uecbanlam ot Radiator Sliown In Pig. 64. 

manner shown in Fig. 57, which represents an end view of several 
sections connected together with special nipples. 

A very efficient fonn of indirect heater may be made up of 
wrought-iron pipe joined together with branch tees and return bends. 
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A heater like that shown in Fig. 58 13 known as a box coil. Its effi- 
ciency is increased if the pipes are ttaggered — that is, if the pipes in 
alternate rows are placed over the spaces between those in the row 
below. 

Efficiency of Heaters. The efficiency of an indirect beater 




depends upon its form, the difference in temperature between the 
steam and the surrounding air, and the velocity with which the air 
passes over the heater. Under ordinary conditions in dwelling-house 
work, a good form of indirect radiator will give off about 2 B. T. U. 
per square foot per hour for 
each degree difference in tem- 
perature between the steam 
and the entering air. Assum- 
ing a steam pressure of 2 
pounds and an outside tem- 
perature of zero, we should 
have a difference in tempera^ 
ture of about 220 degrees, 
which, under the conditions 
stated, would pve an efficiency 
of 220 X 2 = 440 B. T. U. 
per hour for each square foot 
of radiation. By making a similar computation for 10 degrees be- 
low zero, we find the efficiency to be 460. In the same manner we 
may calculate the efficiency for varying conditions of steam pressure 
and outside temperature. In the case of schoolhouses and similar 
buildings where large volumes of ajr are warmed to a moderate tem- 
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perature, a somewhat higher efficiency is obtained, owing to the in- 
creased velocity of the air over the heaters. Where effidencies of 440 
and 460 are used for dwellings, we may substitute 600 and 620 for 
schoolhouses. This corresponds approximately to 2,7 B. T. U. per 
square foot per hour for a difference of 1 degree between the lur and 
steam. 

The principles involved in indirect steam heating are similar 
to those already described in furnace heating. Part of the heat given 
off by the radiator must be used in warming up the air-supply to the 
temperature of the room, and part for offsetting the loss by conduction 
through walls and windows. The method of computing the heating 
surface required, depends upon the volume of air to be supplied to the 
room. In the case of a schoolroom or hall, where the air quantity 




Tip of Wrooght-Iron Pipe, lor InillrBCt- SWam Heating. 



13 lai^ as compared with the exposed wall and window surface, we 
should proceed as follows: 

First compute the B. T. U. required for loss by conduction 
through walls and windows; and to this, add the B. T. U. required 
for the necessary ventilation; and divide the sum by the efficiency 
of the radiators. An example will make this clear. 

Example. How many square feet of indirect radiation will be required 
to warm and ventilate a Bchoolroom in zero weather, where the heat loss by 
conduction through walla and windows is 36,000 B. T. U., and the air-eupply 
is 100,000 cubic feet per hour? 

By the methods given under "Heat for Ventilation," we have 
lOO.pOOX 70 _ 127,272 - B.T. U. required tor ventilation. 
36,000 + 127,272 = 163,272 B. T. U. - Total heat required. 
This in turn divided by 600 (the efficiency of indirect radiators 
under these conditions) gives 272 square feet of surface required. 
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In the case of a dwelling-house the conditions are somewhat 
changed^ for a room having a comparatively large exposure will have 
perhaps only 2 or 3 occupants, so that, if the small aiiHjuantity neces- 
sary in this case were used to convey the required amount of heat 
to the room, it would have to be raised to an excessively high temper- 
ature. It has been found by experience that the radiating surface 
necessary for indirect heating is about 50 per cent greater than that 
required for direct heating. So for this work we may compute the 
surface required for direct radiation, and multiply the result by 1.5. 

Buildings like hospitals are in a class between dwellings and 
schoolhouses. The air-supply is based on the number of occupants, 
as in schools, but other conditions conform more nearly to dwelling- 
houses. 

To obtain the radiating surface for buildings of this class, we 
compute the total heat required for warming and ventilation as in 
the case of schoolhouses, and divide the sum by the efficiencies given 
for dwellings — ^that is, 440 for zero weather, and 460 for 10 degrees 
below. 

Example, A hospital ward requires 50,000 cubic feet of air per hour for 
ventilation; and the heat loss by conduction through walls, etc., is 100,000 
B. T. U. per hour. How many square feet of indirect radiation will be required 
to warm the ward in zero weather? 

50,000 X 70 -^ 55 = 63,636 B. T. U. for ventilation; then, 
63,636 + 100,000 



440 



= 372 + square feet. 



EXAMPLES FOR PRACTICE 

1. A schoolroom having 40 pupils is to be warmed and venti- 
lated when it is 10 degrees below zero. If the heat loss by conduction 
is 30,000 B. T. U. per hour, and the air supply is to be 40 cubic feet 
per minute per pupil, how many square feet of indirect radiation will 
be required? Ans. 273. 

2. A contagious ward in a hospital has 10 beds, requiring 6,000 
cubic feet of air each, per hour. The heat loss by conduction in zero 
weather is 80,000 B. T. U. How many square feet of indirect radia- 
tion will be required? Ans. 355. 

3. The heat loss from a sitting room is 11,250 B. T. U. per 
hour in zero weather. How many square feet of indirect radiation 
will be required to warm it? Ans. 67.5 sq. ft. 
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Stacks and Casings. It has already been stated that a groups of 
sections connected together is called a stack, and examples of these 
with their casings are shown in Figs. 50 and 51. The casings are 
usually made of galvanized iron, and are made up in sections by 
means of small bolts so that they may be taken apart in case it is 
necessary to make repairs. Large stacks are often enclosed in brick- 
work, the sides consisting of 8-inch walls, and the top being covered 
over with a layer of brick and mortar supported on light wrought-iron 
tee-bars. Blocks of asbestos are sometimes used for covering, instead 
of brick, the whole being covered over with plastic material of the 
same kind. 

Where a single stack supplies several flues or registers, the 
connections, between these and the warm-air chamber are made in 
the same manner as already described for furnace heating. When 
galvanized-iron casings are used, the heater is supported by hangers 
from the floor above. Fig. 
59 shows the method of 



LAG 

hanging a heater from a soRC\^i: 
wooden floor. If the floor 
is of fireproof construc- 
tion, the hangers may pass 
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up tnrOUgn tne briCK- pig. 59. Method of Hanging a Heater below a wooden 

work, and the ends be ^^''''''• 

provided with nuts and large washers or plates ; or they may be clamped 
to the iron beams which carry the floor. Where brick casings are 
used, the heaters are supported upon pieces of pipe or light I-beams 
built into the walls. 

The warm-air space above the heater should never be less than 
8 inches, while 12 inches is preferable for heaters of large size. The 
cold-air space may be an inch or two less; but if there is plenty of 
room, it is good practice to make it the same as the space above. 

Dampers. The general arrangement of a galvanized-iron casing 
and mixing damper is shown in Fig. 60. The cold-air duct is brought 
along the basement ceiling from the inlet window, and connects 
with the cold-air chamber beneath the heater. The entering air passes 
up between the sections, and rises through the register above, as shown 
by the arrows. When the mixing damper is in its lowest position, 
all air reaching the register must pass through the heater; but if the 
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damper is raised to the position shown, part of the air will pass by 
without going through the heater, and the mixture entering through 
the r^pster will be at a lower temperature than before. By chan^ng 



n-oom ftecfSTen 



•^ 
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Fig. to. GenenU ArranKeinent of a OalTaulzed-IroD CoatiiB and Mixing Dampcf 
Damper betw«ea Hescer and ReglaUr. 

the position of the damper, the proportions of warm and cxild air 
delivered to the room can be varied, thus regulating the temperatuit 
without diminishing to any great extent the quantity of air delivered 




The objection to this fonn of damper is that there is a tendency for 
the air to enter the room before it is thoroughly mixed; that is, s 
stream of warm air will rise through one half of the r^rbter wbi!« 



HEATING AND VENTILATION 



79 



cold air enters through the other. This is especially true if the con- 
nection between the damper and register is short. Fig. 61 shows 
a similar heater and mixing damper, with brick casing. Cold air is 
admitted to the large chamber below the heater, and rises through 
the sections to the register as before. The action of the mixing 
damper is the same as already described. Several flues or registers 
may be connected with a stack of this form, each connection having, 
in addition to its mixing damper, an adjusting damper for regulating 
the flow of air to the different rooms. 

Another way of proportioning the air-flow in cases of this kind 
is to divide the hot-air chamber above the heater into sections, by 
means of galvanized-iron partitions, giving to each room its proper 
share of heating surface. If the cold-air supply is made sufficiently 
large, this arrangement is preferable to using adjusting dampers as 




Fig. 62. Another Arrangement of Mixing Damper and Heater In Galranized-Iron 

Casing. Heater between Damper and Register. 

described above. The partitions should be carried down the full 
depth of the heater between the sections, to secure the best results. 
The arrangement shown in Fig. 62 is somewhat different, and 
overcomes the objection noted in connection with Fig. 60, by sub- 
stituting another. The mixing damper in this case is placed at the 
other end of the heater. When it is in its highest position, all of the 
air must pass through the heater before reaching the register; but 
when partially lowered, a part of the air passes over the heater, 
and the result is a mixture of cold and warm air, in proportions 
depending upon the position of the damper. As the layer of warm 
air in this case is below the cold air, it tends to rise through it, and a 
more thorough mixture is obtained than is possible with the damper 
shown in Fig. 60. One quite serious objection, however, to this form 
of damper, is illustrated in Fig. 63. When the damper is nearly 
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Fig. 68. Showing Difficulty of Regulat- 
ing Temperature with Arrangement 
in Fig. 62. 



V^ 



:y 




closed so that the greater part of the air enters above the heater, it 
has a tendency to fall between the sections^ as shown by the arrows, 
and, becoming heated, rises again, so that it is impossible to deliver 

air to a room below a certain tem- 
perature. This peculiar action in- 
creases as the quantity of air admit- 
ted below the heater is diminished. 
When the inlet register is placed In 
the wall at some distance above 
the floor, as in schoolhouse work, a thorough mixture of air can be 
obtained by plac- 
ing the heater so 
that the current 
of warm air will 
pass up the front 
of the flue and be 
discharged into 
the room through 
the lower part of 
the register. This 
is shown quite 
clearly in Fig. 64, 
where the cur- 
rent of warm air 
is represented by 
crooked arrows, 
and the cold air 
by straight ar- 
rows. The two 
currents pass up 

the flue separate- 

ly; but as soon ) 
as they are dis- 
charged through ^ 

. . , Fig. 64. Arrangement of Heater and Damper Causing Warm Air 

the register the to Enter Room through Lower Part of Register, thus 

° . Securing Thorough Mixing 

warm air tends 

to rise, and the cold air to fall, with the result of a more or less 

complete mixture, as shown. 
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It is often desirable to warm a room at times when ventilation 
is not necessary, as in the case of living rooms during the night, or 
for quick warming in the morning. A register and damper for air 
rotation should be provided la this case. Fig. 65 shows an arrange- 
ment for this purpose. When the damper is in the position shown, 
air will be taken from the room above and be warmed over and over; 
but, by raising the damper, the supply will be taken from outside. 
Special care should be taken to make all mixing dampers tight against 
air-leakage, else their advantages will be lost. They should work 
easily and close tightly against flanges covered with felt. They may 
be operated from the rooms above by means of chains passing over 




Fig. 6S. Arrangement for Quick Heatins without Ventilation. Damper Shuts off Fresh 
Air, and Air of Room Heated by Rotating Forth and Back through 

Register and Heater. 

guide-pulleys; special attachments should be provided for holding 
in any desired position. 

Warm-Air Flues. The required size of the warm-air flue between 
the heater and the register, depends first upon the difference in tem- 
perature between the air in the flue and that of the room, and second, 
upon the height of the flue. In dwelling-houses, where the con- 
ditions are practically constant, it is customary to allow 2 square 
inches area for each square foot of radiation when the room is on the 
first floor, and 1^ square inches for the second and third floors. In 
the case of hospitals, where a greater volume of air is required, these 
figures may be increased to 3 square inches for the first floor wards, 
and 2 square inches for those on the upper floors. 

In schoolhouse work, it is more usual to calculate the size of 
flue from an assumed velocity of air-flow through it. This will vary 
greatly according to the outside temperature and the prevailing wind 
conditions. The following figures may be taken as average velocities 
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obtained in practice^ and may be used as a basis for calculating the 
reouired flue areas for the different stories of a school building: 

Ist floor, 280 feet per minute. 
2nd " , 340 " " " 

3rd " , 400 " " 
These velocities will be increased somewhat in cold and windy weather 
and will be reduced when the atmosphere is mild and damp. 

Having assumed these velocities, and knowing the number of 
cubic feet of air to be delivered to the room per minute, we have only 
to divide this quanity by the assumed velocity, to obtain the required 
flue area in square feet. 

Example, A schoolroom on the second floor is to have an air-supply of 
2,000 cubic feet per minute. What will be the required flue area? 

Ans. 2000 -^ 340 - 5.8 + sq. feet. 
The velocities would be higher in the coldest weather, and dampers 
should be placed in the flues for throttling the air-supply when nec- 
essary. 

Coid-Air Ducts. The cold-air ducts supplying heaters should 
be planned in a manner similar to that described for furnace heating. - 
The air-inlet should be on the north or west side of the building; but 
this of course is not always possible. The method of having a large 
trunk line or duct with inlets on two or more sides of the building, 
should be carried out when possible. A cold-air room with large 
inlet windows, and ducts connecting with the heaters, makes a good 
arrangement for schoolhouse work. The inlet windows in this case 
should be provided with check-valves to prevent any outward flow of 
air. A detail of this arrangement is shown in fig. 66. 

This consists of a boxing around the window, extending from 
the floor to the ceiling. The front is sloped as shown, and is closed 
from the ceiling to a point below the bottom of the window. The 
remainder is open, and covered with a wire netting of about ^inch 
mesh; to this are fastened flaps or checks of gossamer cloth about 
6 inches in width. These are hemmed on both edges and a stout 
wire is run through the upper hem which is fastened to the netting 
by means of small copper or soft iron wire. The checks allow the air 
to flow inward but close when there is any tendency for the current 
to reverse. 

The area of the cold-air duct for any heater should be about 
three-fourths the total area of the warm-air ducts leading from it, 
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If the duct is of any considerable length or contains sharp bends, it 
should be made the full size of all the warm-air ducts. Adjusting 
dampers should be placed in the supply duct to each separate stack. 
If a. trunk with two inlets is used, each inlet should be of sufficient 
size to furnish the full amount of air required, and should be pro- 
vided with cloth checks for preventing an outward flow of air, as 
already described. The inlet windows should be provided with 
some form of damper or slide, outside of which should be placed a 
wire grating, backed by a netting of about |-inch mesh. 

Vent Flues. In dwelling-houses, vent flues are often omitted, 
and the frequent opening of doors and leakage are depended upon to 
carry away the im- 
pure air. A well- 
designed system of 
warming should 
provide some means 
for discharge ven- 
tilation, especially 
for bathrooms and 
toilet-rooms, and 
also for living rooms 
where lights are 
burned in the even- 
ing. Fireplaces are 
usually provided in 
the more important 
rooms ^f a well- 
built house, and 
these are made to 

serve as vent flues. In rooms having no fireplaces, special flues 
of tin or galvanized iron may be carried up in the partitions in 
the same manner as the warm-air flues. These should be gathered 
tc^ether in the attic, and connected with a brick flue running up 
beside the boiler or range chimney. 

Very fair results may be obtained by simply letting the flues open 
Into an unfinished attic, and depending upon leakage throutrh the 
> x>f to cany away the foal air. 
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The sizes of Sues may be made the reverse of the warm-air Sues 

— that is, IJ square inches area per square foot of indirect radiation 

for rooms on the first floor, and 2 square inches for those on the 

second. Thb is because the velocity of flow will depend upon the 

height of flue, and will therefore be greater from the first floor. The 

flow of air through the vents will be slow at best, unless some means 

is provided for wanning the air in the flue to a temperatmv above 

that of the room with which it connects. 

Tlie method of carrying up the outboard diSchai^ beside a wann 

chimney is usually sufficient in dwelling-houses; but when it is 

desired to move larger 

quantities of air, a loop 

of steam pipe should be 

(tin inside the flue. This 

should be connected for 

drainage and fur-venting 

as shown in Fig. 67. 

When vents are carried 

. through the roof inde- 

^ pendently, some form of 

protecting hood should 

3 be provided for keepmg 

out the snow and rain. 

A simple form is shown 

in Fig. 68. Flues carried 
. InaldeFlae. ,, , . ... 

aaciDg. outboard m this way 

should always be ex- 
tended well above the ridges of adjacent roofs to prevent down 
drafts in windy weather. 

For schoolhouse work we may assume average velocities throu^ 
the vent flues, as follows : 

let floor, 340 feet per minute. 



M 



&= 



3rd 



,220 ' 



Where flue sizes are based on these velocities, it is well to guard 
a^inst down drafts by placing an aspirating coil in the flue. A 
single row of pipes across the flue as shown in Fig. 69, is usually 
sufiGcient for this purpase when the flues are lai^ and straijrht; 



HEATING AND VENTILATION 



85 



otherwiscj two rows should be provided. The slant height of the 
heater should be about twice the depth of the flue, so that the area 
between the pipes shall equal the 
free area of the flue. 

Large vent flues of this kind 
should always be provided with 
dampers for closing at night, and 
for regulation during strong winds. 

Sometimes it is desired to move 
a given quantity of air through a 
flco which is already in place. 
Table XXIV shows what velocities 
may be obtained through flues of 
different heights, for varying dif- 
ferences in temperature between the 
outside air and that in the flue. 

Example. — It is desired to discharge 1,300 cubic feet of air per minute 
through a. flue having an area of 4 square feet and a height of 30 feet. If the 
efficiency of an aspirating coil ia 400 B. T. U., how many square feet of surface 
will be required to move this amount of air when the temperature of the room 
ia 70° and the outside temperature is 60°? 




Pig. ee. SecClon Showing Simple For 

-' "-- — Hood (or Venl '^- 

roniib Root. 




S/i>e y/av 




Fig. OS. Asplrattng Coil Placed In Fine to Prevent Down Dntls. 



1,300 -5- 4 = 325 feet per minute = Velocity through the flue. 
Looking in Table XXIV, and following along the line opposite a 
30-foot flue, we find that to obtain this velocity there must be a differ- 
ence of 30 degrees between the air in the flue and the external atr. 
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If the outside temperature is 60 degrees, then the air in the flue must 
be raised to 60 + 30 = 90 degrees. The air of the room being at 
70 degrees, a rise of 20 degrees is necessary. So the problem resolves 
itself into the following: What amount of heating surface having an 

TABLE XXIV 

Air-Flow throu8:h Flues of Various Helsrhts under Varying 

Conditions of Temperature 

(Volumes given in cubic feet per square foot of sectional area of flue) 



Hexoht of 

¥hVK 

IN Feet 



5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
60 



Excess of Temperature of Air in Flue Above that of External Air 



55 
77 
94 
108 
121 
133 
143 
153 
162 
171 
188 



10« 


16« 


20' 


30** 


76 


94 


109 


134 


108 


133 


153 


188 


133 


162 


188 


230 


153 


188 


217 


265 


171 


. 210 


242 


297 


188 


230 


265 


325 


203 


248 


286 


351 


217 


265 


306 


375 


230 


282 


325 


398 


242 


297 


342 


419 


264 


325 


373 


461 



60* 



167 
242 
297 
342 
383 
419 
453 
484 
514 
541 
594 



eflBcieney of 400 B. T. U. is necessary to raise 1,300 cubic feet of air 
per minute through 20 degrees? 

1,300 cubic feet pef minute = 1,300 X 60 = 78,000 per hour; 
and making use of our formula for "heat for ventilation," we have 

78,0(K) X 20 _ 28^363 b. T. U. ; 
65 

and this divided by 400 = 71 square feet of heating surface required. 

EXAMPLES FOR PRACTICE 

1. A schoolroom on the third floor has 50 pupils, who are 
to be furnished with 30 cubic feet of air per minute each. What will 
be the required areas in square feet of the supply and vent flues? 

Ans. Supply, 3.7 +. Vent, 6.8 +. 

2. What size of heater will be required in a vent flue 40 feet 
high and with an area of 5 square feet, to enable it to discharge 1,530 
cubic feet per minute, when the outside temperature is 60°? (Assume 
an efficiency of 400 B. T. U. for the heater.) Ans. 41 .7 square feet. 
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Seollon through a Floor RegtBter. 



Registers. Registers are made of cast iron and bronze, in a 
great variety of sizes and patterns. The almost universal finish for 
cast-iron registers is black "Japan;" but they are also finished in 
colors and electroplated with 
copper and nickel. Fig. 70 
shows a section through a 
floor renter, in which A rep- 
resents the valves, which may 
be turned in a veitical or hori- 
zontal position, thus opening 
or closing the register; B is the 
iron border; C, the register box 
of tin or galvanized iron; and D, the warm-air pipe. Floor roisters 
are usually set in cast-iron borders, one of which is shown in Fig. 71 ; 
while wall registers may be screwed directly to wooden borders or 
frames to correspond with the finish of the room. Wall registers 
should be provided with pull-cords for opening and closing from the 
floor: these are shown in Fig. 72, ,The plain lattice pattern shown in 
Fig. 73 is the best for schoolhouse work, as it has a comparatively 

free opening for 
air-flow and is 
pleasing and sim- 
ple in design. 
More elaborate 
patterns are used 
for fine dwelling- 
house work. 
Roisters with 
shut-off valves 
are used for air- 
inlefe, white the 
plain register 
faces without the 
valves are placed 
in the vent open- 
ings. The vent flues are usually gathered together in the attic, and 
a single damper may be used to shut off the whole number at once. 
Flat or round w!re gratings of open pattern are often used in place of 
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register faces. The grill or solid part of a register face usually takes 
up about I of the area; hence in computing the size, we must allow 
for this by multiplying the required "net area" by 1.5, to obtfun the 
"total" or "over-all" area. 

Example. Suppose we have a flue 10 inches in width and wish to use a 
register having a free area of 200 square inches. What will l>e the required 
height of the register? 

200 X 1 .5 = 300 square inches, which is the total area required; 
then 300 -r- 10 — 30, which is the required height, and we should use 
a 10 by 30-inch register. When a roister is spoken of as a 10 by 
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Fig. 73. Plain Laiilce Pattern RegiMt^r. Best 
for Sehoolhouso Work. 
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30-inch or a 10 by 20-inch, etc., the dimensions of the latticed opening 
are meant, and not the outside dimensions of the whole register. The 
free opening should have the same area as the flue with which it con- 
nects. In designing new work, one should provide himself with a 
trade catalogue, and use only standard sizes, as special patterns and 
sizes are costly. Fig. 74 shows the method of placing gossamer 
check-valves back of the vent raster faces to prevent down drafts, 
the same as described for fresh-air inlets. 
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Inlet registers in dwelling-house and similar work are placed 
either in the floor or in the baseboard; sometimes they are located 
under the windows, just above the baseboard. The object in view 
is to place them where the currents of air entering the room will not 
be objectionable to persons sitting near windows. A long, narrow 
floor-r^bter placed close to the wall in front of a window, scads 
up a shallow current of warm air, which is not especially noticeable 



GOSSAMER 
CHEPXS 



NETTING 



Fig. 74. Melhod o( PlnclDg Gnssamer Cbeck- Valves back ol Vent Beglster Face 
to FreTsnt Dowa DmCtBi 

to one sitting near it. Inlet registers are preferably placed near 
outside walls, especially in large rooms. Vent registers should be 
placed in inside walls, near the floor. 

Pipe Connections. The two-pipe system with dry or sealed 
returns b used in indirect heating. The conditions to be met are 
practically the same as in direct heating, the only difference being 
that the radiators are at the basement ceiling mstead of on the floors 
above. The exact method of making the pipe connections will 
depend somewhat upon existing conditions; but the general method 
showp in Fig. 75 mnj- be used as a guide, with modifications to suit 
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any special case. The ends of all suppl}' mains should be diipped, 
and the. horizontal returns should be sealed if possible. 

Pipe Sizes. The tables already given for the proportioning of 
|Hpe sizes can be used for indirect systems. The following table has 
been computed for an efficiency of 640 B. T. U. per square foot of 
surface per hour, which corresponds to a condensation of § of a pound 
of steam. This is twice that allowed for direct radiation in Table 




WATER UN£ 
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XVII; so that we can consider 1 square foot of indirect surface as 
equal to 2 of direct in computing pipe sizes. 

As the indirect heaters are placed in the basement, care must be 
taken that the bottom of the radiator does not come too near the 
water-line of the boiler, or the condensation will not flow back prop- 
erly; this distance, under ordinary conditions, should not be less than 
2 feet. If much less than this, the pipes should be made extra large, 
90 that there may be little or no drop in pressure between the boiler 
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TABLE XXV 
Indirect Radiating Surface Supplied by Pipes of Various Sizes 





SqCABE PkET of InOIBECT KaDIATION which WIU. BE SuprLlED WITH 










1 Pound Drop In 200 Feet 


1 Pound Drop In 100 feet 


iPoundiDTOpInlOOFeet 


I it 


28 


40 


57 


H 


51 


72 


105 


1} 


67 


95 


170 


2 


185 


282 


375 


2i 


335 


475 


675 


3 


540 


775 ■ 


1,105 


3i 


812 


1,160 


1,645 


4 


I, 140 


1, 625 


2,310 


9 


2,030 


2,900 


4,110 




3,260 


4,660 


6,600 


7 


4,830 


6,900 


9,810 


8 


6,800 


9,720 


13, 860 



and the heater. A drop in pressure of 1 pound would raise the 
water-line at the heater 2.4 feet. 




Direct-Indirect Radiators. A direct-indirect radiator is similai 
in form to a direct radiator, and is placed in a room in the sanif 
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manner. Fig. 76 shows the general form of this type of radiator; 
and Fig. 77 shows a section through the same. The shape of the 
sections is such, that when in place, small flues are formed between 
them. Air is admitted through an opening in the outside wall; and, 
in passing upward through these flues, becomes heated before enter- 
ing the room. A switch-damper is placed in the duct at the base of 
the radiator, so that the air may be taken from the room itself instead 
^.f from out of doors, if so desired. This is shown more particularly 
m Fig. 76. 

Fig, 78 shows the wall box provided with louvre slats and netting, 
through which the air is drawn. A damper door is placed at either 

end of the radiator base; 
and, if desired, when the 
cold-air supply is shut off 
by means of the register 
in the air-duct, the radia- 
tor can be converted into 
the ordinary type by 
opening both damper 

g*ig, 78. Wall Box with Louvre Slats and Netting, doorS, thuS taking the air 

Direct-Indirect System. • .1 • x j 

from the room instead 
of from the outside. It is customary to increase the size of a direct- 
indirect radiator 30 per cent above that called for in the case of 
direct heating. 

CARE AND MANAGEMENT OF STEAM- 
HEATING BOILERS 

Special directions are usually supplied by the maker for each 
kind of boiler, or for those which are to be managed in any peculiar 
way. The following general directions apply to all makes, and may 
be used regardless of the type of boiler employed: 

Before starting the fire, see that the boiler contains sufficient 
water. The water-line should be at about the center of the gauge- 
glass. 

The smoke-pipe and chimney flue should be clean, and the draft 
good. 

Build the fire in the usual way, using a quality of coal which is 
best adapted to the heater. In operating the fire, keep the firepot 
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full of coal, and shake down and remove all ashes and cinders as often 
as the state of the fire requires it. 

Hot ashes or cinders must not be allowed to remain in the ashpit 
under the grate-bars, but must be removed at regular intervals to 
prevent burning out the grate. 

To control the fire, see that the damper regulator is properly 
attached to the draft doors and the damper; then regulate the draft 
by weighting the automatic lever as may be required to obtain the 
necessary steam pressure for warming. Should the water in the 
boiler escape by means of a broken gauge-glass, or from any other 
cause, the fire should be dumped, ^d the boiler allowed to cool before 
adding cold water. 

An empty boiler should never be filled when hot. If the water 
gets low at any time, but still shows in the gauge-glass, more water 
should be added by the means provided for this purpose. 

The safety-valve should be lifted occasionally to see that it is 
in working order. 

If the boiler is used in connection with a gravity system, it should 
be cleaned each year by filling with pure water and emptying through 
the blow-off. If it should become foul or dirty, it can be thoroughly 
cleansed by adding a few pounds of caustic soda, and allowing it to 
stand for a day, and then emptying and thoroughly rinsing. 

During the summer months, 5t is i ecommended that the water 
be drawn ofiF from the system, and ihat air-valves and safety-valves 
be opened to permit the heater to dry out and to remain so. Good 
results, however, are obtained by filling the heater full of water, 
driving ofiF the air by boiling slowly, and allowing it to remain in this 
condition until needed in the fall. The water should then be drawn 
ofiF and fresh water added. 

The heating surface of the boiler should be kept clean and free from 
ashes and soot by means of a brush made especially for this purpose. 

Should any of the rooms fail to heat, examine the steam valvesf 
m the radiators. If a two-pipe system, both valves at each radiator 
must be opened or closed at the same time, as required. See thai 
the air-valves are in working condition. 

If the building is to be unoccupied in cold weather, draw all th^ 
water out of the system by opening the blow-oflF pipe at the boiler and 
all steam valves and air-valves at the radiators. 

103 



HEATING AND VENTILATION 



HOT-WATER HEATERS 

Types. Hot-water heaters differ from steam boilers principiilly 
In the omission of the reservoir or space for steam above the heating 
surface. The steam boiler might answer as a heater for hot water; 
but the large capacity left for 
the steam would tend to make 
its operation slow and rather 
unsatisfactory, although the 
same type of boiler is some- 
times used for both steam and 
hot water. The passages in 
a hot-water heater need not 
extend so directly from bot- 
tom to top as in a steam boil- 
er, since the problem of pro- 
viding for the free liberation 
of the steam bubbles does not 
have to be considered. In 
general, the heat from the 
furnace should strike the sur- 





faces in such a manner as to 
increase the natural circula- 
tion ; this may be accomplished 
to a certain extent by arrang*- 
ing the heating surface so that 
a large proportion of the 
direct heat will be absorbed 
near the top of the heater. 
Practically the boilers for low- 
pressure steam and for hot 
water differ from each other 
very little as to the character 
of the heating surface, so that 
the methods already given for 
; ' computing the size of grate 
ipped surface, horse-power, etc., 
York cav. under the head of "Steam 
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Boilers," can be used with satisfactory results in the case of hot- 
water heaters. 

It is sometimes stated that, owing to the greater difference in 
temperature between the furnace gases and the water in a hot-water 
heater, as compared with steam, the heating surface will be more 
efficient and a smaller heater can be used'. While this is true to a 
certain extent, different authorities agree that this advantage is so 
small that no account should be taken of it, and the general propor- 
tions of the heater should be calculated in the same manner as for 
steam. Fig. 79 shows a form of heater made up of slabs or sections 
similar to the sectional steam boiler shown in Part I. The size can 
be increased in a similar manner, by adding more sections. In this 
case, however, the boiler is increased in width instead of in length. 
This has an advantage 
in the larger sizes, as 
a second fire door can 
be added, and all parts 
of the grate can be 
reached as well in the 
large sizes as in the 
small. 

Fig. 80 shows -a 
boiler consisting of fire 
pot, feed section, inter- 
mediate reservoir, and 
a cored top. This 
boiler is drcular in 
form and well adapted 
to dwelling-houses and similar work. The cut at the left shows the 
boiler equipped for steam by the attachmentofgages and water glass. 
The cut at the right shows the proper equipment for the hot-water 
system, the heater being shown in part sections to give an idea of the 
construction. 

Fig. 81 shows another type of sectional cast-iron heater. A 
deep fire chamber with corrugated sides makes this furnace a quick 
heater and keeps the fire a long time without attention. The space 
between the outer and inner corrugated shells surrounding the fur- 
nace, as shown by the part section in Fig, 81, is filled with water, 
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as is also the case with the cross-pipes directly over the fire and the 
dnim at the top. 

The ordinary horizontal and vertical tubular boilers, with various 
modifications, are used to a con.siderable extent for hot-water heating, 
and are well adapted to this class of work, especially in the case of 
large buildings. 

Automatic regulators are often used for the purpose of main- 
taining a constant temperature of the water. They are constructed 
in different ways — some de- 
pend upon the expansion of a 
metal pipe or rod at different 
temperatures, and others upon 
the vaporization and conse- 
quent pressure of certain vol- 
atile liquids. These means are 
usually employed to open 
small valves which admit 
water pressure under rubber 
diaphragms; and these in turn 
are connected by means of 
chains with the draft doors 
of the furnace, and so regulate 
the draft as required to main- 
tain an even temperature of 
the water in the heater. Fig. 
82 shows one of the first kind. 
^ is a metal rod placed in the 
flow pipe from -the heater, and 
is so connected with the valve 
B that when the water reaches 
a certain temperature the expansion of the rod opens the valve and 
admits water from the street pressure through the pipes C and D into 
the chamber E. The bottom of E consists of a rubber diaphragm, 
which is forced down by the water pressure and carries with it the 
lever which operates the dampers as shown, and checks the fire. 
When the temperature of the water drops, the rod contracts and 
valve B closes, shutting off the pressure from the chamber E. A 
spring is provided to throw the lever back to its original position, 
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and the water above the diaphragm is forced out through the pet- 
cock G, which is kept slightly open all the time. 

DIRECT HOT-WATER HEATING 

A hot-water system is similar in construction and operation to 
one designed for steam, except that hot water flows through the 
pipes and radiators instead. 

The circulation through the pipes is produced solely by the dif- 
ference in weight of the 
water in the supply and 
return, due to the diffei^ 
e n c e in temperature. 
When water is heated it 
expands, and thus a 
pven volume becomes 
lighter and tends to rise, 
and the cooler water flows 
in to take its place; if the 
application of heat b kept 
up, the circulation thus 
produced is continuous. 
The velocity of flow de- 
pends upon the difference 
in temperature between 
the supply and return, 
and the height of the 
radiator above the boiler. 
The horizontal distance 
of the radiator from the 
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boOer is also an important factor affecting the velocity of flow. 

This action is best shown by means of a diagram, as in Fig. 83. 
If a glass tube of the form shown in the figure is filled with water and 
held in a vertical position, no movement of the water will be noticed, 
because the two columns A and £ are of the same weight, and there- 
fare in equilibrium. Now, if a lamp flame be held near the tube A, 
tHe small bubbles of steam which are formed will show the water 
to be in motion, with a current flowing in the direction indicated by 
the arrows. The reason for this is, that, as the water in ^ is heated. 



98 



HEATING AND VENTILATION 




Fig. 88. Illnstrating 
How the Heating 
of Water Causes 
Circulation. 
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it expands and becomes lighter for a given volume^ and is forced 

upward by the heavier water in B falling to the bottom of the tube. 

The heated water flows from A through the connecting tube at the 

top, into By where it takes the place of the 
cooler water which is settling to the bottom. If, 
now, the lamp be replaced by a furnace, and the 
columns A and B be connected at the top by 
inserting a radiator, the illustration will assume 
the practical form as utilized in hot-water heating 
(see Fig. 84). 

The heat given oflf by the radiator always 
insures a difference in temperature between the 
columns of water in the supply and return pipes, 
so that as long as heat is supplied by the furnace 
the flow of water will continue. The greater the 

difference in temperature of the water in the two pipes, the greater 

the difference in weight, and con- 
sequently the faster the flow. The 

greater the height of the radiator 

above the heater, the more rapid 

will be the circulation, because the 

total difference in weight between 

the water in the supply and return 

risers will vary directly with their 

height. From the above it is evident 

that the rapidity of flow depends 

chiefly upon the temperature differ- 
ence between the supply and return, 

and upon the height of the radiator 

above the heater. Another factor 

which must be considered in long 

runs of horizontal pipe is the fric- 

tional resistance. 

Systems of Circulation. There 

are two distinct systems of cir- 
culation employed — one depending 

on the difference in temperature 

of the water in the supply and return pipes, called gravity circidaiioni 
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Fig 84. Illustrating Siini)le Circola- 
tion in a Heating System. 
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and another where a pump is used to force the water through the 
mains, called forced circtdalion. The former is used for dweUings 
and other buildings of ordinary size, and the latter for large buildings, 
and especially where there are long horizontal runs of pipe. 

For gravity circulation some form of sectional cast-iron boiler 
is commonly used, although wrought-iron tubular boilers may be 
employed if desired. In the case of forced circulation, a heater de- 
signed to warm the water by means of live or exhaust steam is often 
used. A centrifugal or rotaiy pump is best adapted to this pur- 
pose, and may be driven by an electric motor or a steam engine, 
as most convenient. 

Types of Radiating Surface. Cast-iron radiators and circulation 
coib are used for hot water as 
well as for steam. Hot-water 
rafliators differ from steam 
radiators principally in having 
a horizontal passage at the top 
as well as at the bottom. 
This construction is necessary 
in order to draw off the air 
which gathers at the top of 
each loop or section. Other- 
wise they are the same as 
steam radiators, and are well 
adapted for the circulation of 

steam, and in some respects sBge along Top. 

are superior to the ordinary pattern of steam radiator. 

The form shown in Fig. 85 is made with an opening at the top 
tor the entrance of water, and at the bottom for its dischai^, thus 
insuring a supply of hot water at the top and of colder water at the 
bottom. 

Some hot-water radiators are made with a cross-partition so 
luranged that all water entering passes at once to the top, from which 
it may take any passage toward the outlet. Fig. 86 is the more 
common form of radiator, and Is made with continuous passages at 
top and bottom, the hot water being supplied at one side and draws 
off at the other. The action of gravity is depended upon for makin j 
the hot and lighter water pass to the top, and the colder water sint 
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to the bottom and flow off through the return. Hot-water radiators 
are usually tapped and plugged so that the pipe connections can be 
made either at the top or at the bottom. This is shown in Fig. 87. 

Wall radiators are adapted to hot-water as well as steam heating. 

Efficiency of Radiators. The efficiency of a hot-water radiator 
depends entirely upon the temperature at which the water is circu- 
lated. The best practical results are obtained with the water leaving 
the boiler at a maximum temperature of about 180 degrees in zero 
weather and returning at about IGO degrees; thb gives an average 
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temperature of 170 degrees in the radiators. Variations may be made, 
however, to suit the existing conditions of outside temperature. We 
have seen that an average cast-iron radiator gives off about 1.7 B.T.U. 
per hour per square foot of surface per degree difference in tempera- 
ture between the radiator and the surrounding air, when working 
under ordinary conditions; and this holds true whether it is filled 
with steam or water. 

If we assume an average temperature of 170 degrees for the 
■ *ater, then the difference in temperature between the radiator and 
""the air will be 170-70 = 100 degrees; and this multiplied by 1.7 = 
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170, which may be taken as the efficiency of a hot-water radiator 
under the above average conditions. 

This calls for a water radiator about 1 . 5 times as large as a steam 
radiator to beat a given room under the same conditions. This 13 
common practice although some engineers multiply by the factor 1 .6, 
which allows for a lower temperature of the water. Water leaving 
the boiler at 170 degrees should return at about 150; the drop in 
temperature should not ordinarily exceed 20 degrees. 

Systems of Piping. A system of hot-water heating should pro- 
dure a perfect circulation of water from the heater to the radiating 




Piping Usually Employed lor Hot Water Heating 



surface, and thence back to the heater through the returns. The 
system of piping usually employed for hot-water heating is shown in 
Fig. 88. In this arrangement the main and branches have an inclina- 
tion upward from the heater; the returns are parallel to the mains, 
and have an inclination downward toward the heater, connecting 
with it at the lowest point. The flow pipes or risers are taken from 
the tops of the mains, and may supply one or more radiators as 
required. The return risers or drops are connected with the return 
mains in a similar manner. In this system great care must be taken 
to produce a nearly equal resistance to flow in all of the branches, so 
that each radiator may receive its full supplv of water. It will alwa^ 
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be found that the principal current of heated water will take the path 
of least resistance, and that a small obstruction or irregularity in the 
piping is suflScient to interfere greatly with the amount of heat received 
in the different parts of the same system. 

Some engineers prefer to carry a single supply main around the 
building, of sufficient size to supply all the radiators, bringing back 
a single return of the same size. Practice has shown that in general 
it is not well to use pipes over 8 or 10 inches in diameter; if larger 
pipes are required, it is better to run two or more branches. 

The boiler, if possible, should be centrally located, and branches 

carried to difler- 
^^•■"^"^^ ent parts of the 

building. This 
insures a more 
even circulation 
than if all the 
radiators are 
supplied from a 
single long main, 
in which case 
the circulation 
liable to be 
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Pigr. 89. System of Hot- Water Piping? Especially Adapted to 
Apartment Buildings where Each Flat Has a Separate Heater. 



IS 

sluggish at the 
farther end. 

The arrange- 
ment shown in 
Fig. 89 is similar 

to the circuit system for steam, except that the radiators have two 
connections instead of one. This method is especially adapted to 
apartment houses, where each flat has its separate heater, as it 
eliminates a separate return main, and thus reduces, by practically 
one-half, the amount of piping in the basement. The supply risers 
are taken from the top of the main; while the returns should con- 
nect into the side a short distance beyond, and in a direction away 
from the boiler. When this system is used, it is necessary to enlarge 
the radiators slightly as the distance from the boiler increases. 

In flats of eight or ten rooms, the size of the last radiator may be 
increased from 10 to 15 per cent, and the intermediate ones propor- 
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lionally, at the same time keeping the main of a large and uniform 
size for the entire circuit. 

Overhead' Distribution. This system of piping is shown in Fig. 
90. A single riser is carried directly to the expansion tank, from 
which branches are taken to supply the various drops to which the 
radiators are connected. An important advantage in connection 
with this system is that the air rises at once to theaexpansion tank, 
and escapes through the vent, so that air-valves are not required on 
the radiators. 
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Fig. 90. ''Overhead** Distribution System of Hot- Water Piping. 

At the same time, it has the disadvantage that the water in the 
tank is under less pressure than in the heater; hence it will boil at 
a lower temperature. No trouble will be experienced from this, how- 
ever, unless the temperature of the water is raised above 212 degrees. 

Expansion Tank. Every system for hot-water heating should be 
connected with an expansion tank placed at a point somewhat above 
the highest radiator. The tank must in every case be connected to a 
line of piping which cannot by any possible means be shut oflF from 
the boiler. When water is heated, it expands a ce?tain amourA« 
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Fig. 91. A CommoTi Form of Galvanized 
Iron Expansion Tank. 



depending upon the temperature to which it is raised: and a tank or 

reservoir should always be provided to care for this increase in volume. 

Expansion tanks are usually made of heavy galvanized iron of 

obe of the forms shown in Figs. 91 and 92, the latter form oeing used 

where the headroom is limited. The 
connection froln the heating system 
enters the bottom of the tank, and 
^ an open vent pipe is taken from the 

top. An overflow connected with 
a sink or drain-pipe should be 
provided. Connections should be 
made with the water supply both 
at the boiler and at the expansion 
tank, the former to be used when 
first filling the system, as by this 
means all air is driven from the bot- 
tom upward and is discharged 
through the vent at the expansion 
tank. Water that is added after- 
ward may be supplied directly to the 
expansion tank, where the water-line can be noted in ]the gauge-glass. . 
A ball-cock is sometimes arranged to keep the water-line in the tai;ik 
at a constant level. 
An altitude 
gauge is often 
placed in the base- 
ment with the col- 
ored hand or point- 
er set to indicate 
the normal water- 
line in the expan- | JJA 
sion tank. When 
the movable hand 

falls below the Fig. 93. Form of Expansion Tank used where Headroom 
n -% Is Limited. 

fixed one, more 

water may be added, as required, through the supply pipe at the boiler. 
When the tank is placed in an attic or roof space where there is danger 
of freezing, the expansion pipe may be connected into the side of the 
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tank, 6 or 8 inches from the bottom, and a circulation pipe taken 
from the lower part and connected with the return from an upper- 
floor radiator. This produces a slow circulation through the tank, 
and keeps the water warm. 

The size of the expansion tank depends upon the volume of 
water contained in the system, and on the temperature to which it is 
heated. The following rule for computing the capacity pf the tank 
may be used with satisfactory results: 

Square feet of radiation, divided by 40, equals required capacity of 
tank in gallons. 

Air-Venting. One very important point to be kept in mind in 
the design of a hot-water system, is the removal of air from the pipes 
and radiators. When the water in the boiler is heated, the air it 
contains forms into small bubbles which rise to the highest points of the 
system. 

In the arrangement shown in Fig. 88, the main and branches 
grade upward from the boiler, so that the air finds its way into the 
radiators, from which it may be drawn oflp by means of the air-valves. 

A better plan is that shown in Fig. 89. In this case the expan- 
sion pipe is taken directly off the top of the main over the boiler, so 
that the larger part of the air rises directly to the expansion tank and 
escapes through the vent pipe. The same action takes place in the 
overhead system shown in Fig. 90, where the top of the main riser 
is connected with the tank. Every high point in the sysjtem and 
every radiator, except in the downward system with top supply con- 
nection, should be provided with an air-valve. 

Pipe Connections. There are various methods of connecting 
the radiators with the mains and risers. Fig. 93 shows a radiator 
connected with the horizontal flow and return mains, which are 
located below the floor. The manner of connecting with a vertical 
riser and return drop is shown in Fig. 94. As the water tends to 
flow to the highest point, the radiators on the lower floors should be 
favored by making the connection at the top of the riser and taking 
the pipe for the upper floors from the side as shown. Fig. 95 illus- 
trates the manner of connecting with a radiator on an upper floor where 
the supply is connected at the top of the radiator. 

The connections shown in Figs. 96 and 97 are used with the 
overhead system shown in Fig. 90. 
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Where the connection b of the form shown at the left in Fig. 90, 
the cooler water from the radiators is dischai^ed into the supply pipe 
agun, so that the water furnished to the radiators on the lower floiors 
is at a lower temperature, and the amount of heating surface must be 
correspondingly increased to make up for thb lom. as already de- 
scribed for the circuit system. 




* and Return Mains 



For example, if in the case of Fig. 90 we assume the water to 
leave at 180 degrees and return at 160, we shall have a drop in tem- 
perature of 10 degrees on each floor; that is, the water will enter the 
radiator on the second floor at 180 degrees and leave it at 170, and 
will enter the radiator on the first floor at 170 and leave it at 160. 





ply Conaecl«d ai Top. 

The average temperatures will be 175 and 165, respectively. The 
efficiency in the first case will be 175 — 70 = 105; and 105 X 1 .5 = 
157. In the second case, 165 — 70 = 95; and 95 X 1.5 = 142; 
so that the radiator on the first floor will have to be lai^r than that 
on the second floor in the ratio of 157 to 142, in order to do the same 
work. 
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This is approximately an increase of 10 per cent for each story 
downward to offset the cooling effect; but in practice the supply 
drops are made of such size that only a part of the water is by-passed 
through the radiators. For this reason an increase of 5 per cent 
for each story downward is probably sufficient in ordinary cases. 

Where the radiators discharge 
into a separate return as in the case 
of Fig. 88, or those at the right in 
Fig. CO, we may assume the tempera- 
ture of the water to be the same on 
all floors, and give the radiators an 
equal efficiency 

In a dwelling-house of two stories, 
no difference would be made in the 
sizes of radiators on the two floors; 
but in the case of a tall ofBce build- 
ing, corrections would necessarily be made as above described. 

Where circulation coils are used, they should be of a form which 
will tend to produce a flow of water through them. Figs. 98, 99, and 
100 show different ways of making up and connecting these coils. 
In Figs. 98 and 100, suppl_^ pipes may be e'ther drops or risers; and 
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in the former case the return in Fig. 100 may be carried back, if desired, 
into the supply drop, as shown by the dotted lines. 

CcrniMnation Systems. Sometimes the boiler and piping are 
arranged for either steam or hot water, since the demand for a higher 
or lower temperature of the radiators might change. 
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The object of this arrangement \s to secure the advantages of a 
hot-water system for moderate temperatures, and of steam heating 
tor extremely cold weather. 
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. Another Method of Building Dp a Circulation O 



As less radiating surface is required for steam heating, there is 
an advantage due to the reduction in first cost. This is of consider- 
able importance, as a heating syst«n must be designed of such dimen- 
sions as to be capable of warming a building in the coldest weather; 
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and this involves the expenditure of a considerable amount for radiat- 
ing surfaces, which are needed only at rare intervals. A combination 
system of bot-water and steam heating requires, first, a heater or boiler 
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which will answer for either purpose; second, a system of piping 
which will permit the circulation of either steam or hot water; and 
third, the use of radiators which are adapted to both kinds of heating. 
These requirements will be met by using a steam boiler provided with 
all the fittings required for steam heating, but so arranged that the 
damper regulator may be closed by means of valves when the system 
is to be used for hot-water heating. The addition of an expansion 
tank is required, which must be so arranged that It can be shut off 
when the system is used for steam heating. The system of piping 
shown in Fig. 88 is best adapted for a combination system, although 
an overhead distribution as shown in Fig. 90 may be used by shutting 
off the vent and overflow pipes, and placing air-valves on the radiators. 

While this system has many advantagesln the way of cost over 
the complete hot-water system, the labor of changing from steam 
to hot water will in some cases be trouble- 
some ; and should the connections to the 
expansion ■ tank not be opened, serious re- 
sults would follow. 

Valves and Fittings. Gate-valves 
should always be used in connection with 
hot-water piping, although angle-valves may 
be used at the radiators. There are several 
patterns of radiator valves made especially 
for hot-water work; their chief advantage 

lies in a device for quick closing, usually a p^. ,0,. ' ,ill,a«,r v^ 

quarter-turn or half-turn being sufficient to Hot-water work. 

open or close the valve. Two different designs are shown in Figs. 
101 and 102. 

It is customary to place a valve in only one connection, as that is 
sufficient to stop the flow of water through the radiator; a fitting 
known as a unum eUxnv is often employed in place of the second valve. 
(See Fig. 103.) 

Air-Valves. The ordinary pet-cock air-valve is the most reliable 
for hot-water radiators, although there are several forms of auto- 
matic valves which are claimed to give satisfaction. One of these 
is shown in Fig. 104. This is similar in construction to a steam 
trap. As air collects in the chamber, and the water-line is lowered, 
the float drops, and in so doing opens a small valve at the top of thft 
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chamber, which allows the air to escape. As the water flows in to take 
its place, the float is forced upward and the valve is closed. 

All radiators which are supplied by risers from below, should be 
provided with air-valves placed in the top 
of the last section at the return end. If 
they are supplied by drops from an over- 





ng. 101 Another Trpe of Hot- Pig. 

Water Badtator Valve. 

head system, the air will be discharged at the expansion tank, and 

air-valves will not be necessary at the radiators. 

Fittings. All fittings, such as elbows, tees, etc., should be of 

the long4um pattern. If the common form is used, they should be 
a size larger than the pipe, bushed 
down to the proper size. The long- 
turn fittings, however, are preferable, 
and give a much better appearance. 
Connections between the radiators 
and risers may be made with the 
ordinary short-pattern fittings, as 
those of the other form are not well 
adapted to the close connections nec- 
essary for this work. 

Hpe Sizes. The size of pipe 
required to supply any given radiator 
depends upon four conditions ; first, the 
size of the radiator;secoru2, its elevation 

"%orwaw?^"wr*'oJSSy"" above the boUer; third, the length of 
by a Float. pjp^ ppquirgj jq connect it with the 

boiler; and /oiirtA., the difference in temperature between the supply 

and ihe returu 
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As it would be a long and rather complicated process to work out 
the required size of each pipe for a heating system, Tables XXVI and 
XXVII have been prepared, covering the usual conditions to be met 
with in practioft. 

TABLE XXVI 

Direct Radiating Surface Supplied by Mains of Different 

Sizes and Leng:ths of Run 



"' 








Squabe Feet of Radiatxno Surface 




Size of Pipe 












100 ft. 


200 ft. 


300 ft. 


400 ft. 


600 ft. 


600 ft 


700 ft. 800 ft. 


1.000 






Run 


Run 


Run 


Run 


Run 


Run 


Run 


Run 


ft. Run 




1 in. 


30 




















U" 


60 


50 


















U" 


100 


75 


50 
















2 '' 


200 


150 


125 


100 


75 












2i" 


350 


250 


200 


175 


150 


125 










3 " 


550 


400 


300 


275 


250 


225 


200 


175 


150 




3i'' 


850 


600 


450 


400 


350 


325 


300 


250 


225 




4 " 


1,200 


850 


700 


600 


525 


475 


450 


400 


350 




5 " 




1,400 


1,150 


1,000 


700 


850 


775 


725 


650 




6 " 








1,600 


1,400 


1,300 


1,200 


1,150 


1,000 




7 " 














^,706 


1,600 


1,500 



These quantities have been calculated on a basis of 10 feet difference 
in elevation between the center of the heater and the radiators, and a differ- 
ence in temperature of 17 degrees between the supply and the return. 

TABLE XXVII 

Radiating Surface on Different Floors Supplied by 

Pipes of Different Sizes 



Size of 




Squabi 


s Feet of Radiating Surface 




Rtaicr 














1st Story 


2d Story 


3d Story 


4th Story 


5th Story 


6th Story 


1 in. 


30 


55 


65 


75 


85 


95 


IM" 


60 


90 


110 


125 


140 


160 


m" 


100 


140 


165 


185 


210 


240 


2 " 


200 


275 


375 


425 


600 




21^- 


350 


475 










3 •' 


550 












3H'' 


850 













Table XXVI gives the number of square feet of direct radiation 
which different sizes of mains and branches will supply for varying 
lengths of run. 

Table XXVI may be used for all horizontal mains. For vertical 
risers or drops, Table XXVII may be used. This has been com- 
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puted for the same difference in temperature as in the case of Table 
XXVI (17 degrees), and gives the square feet of surface which dif- 
ferent sizes of pipe will supply on the diflFerent floors of a building, 
assuming the height of the stories to be 10 feet. Where a single 
riser is carried to the top of a building to supply the radiators on the 
floors below, by drop pipes, we must first get what is called the average 
elevation of the system before taking its size from the table. This may 
be illustrated by means of a diagram (see Fig. 105). 

In A we have a riser carried to the third story, and from there a 
drop brought down to supply a radiator on the first floor. The 
elevation available for producing a flow in the riser is only 10 feet, 
the same as though it extended only to the radiator. The water in 
the two pipes above the radiator is practically at the same temperature, 
and therefore in equilibrium, and has no effect on the flow of the 
water in the riser. (Actually there would be some radiation from the 
pipes, and the return, above the radiator, would be slightly cooler, but 
for purposes of illustration this may be neglected). If the radiator 
was on the second floor the elevation of the system would be 20 feet 
(see B); and on the third floor, 30 feet; and so on. The distance 
which the pipe is carried above the first radiator which it supplies 
has but little effect in producing a flow, especially if covered, as it 
should be in practice. Having seen that the flow in the main riser 
depends upon the elevation of the radiators, it is easy to see that the 
way in which it is distributed on the different floors must be con- 
sidered. For example, in B, Fig. 105, there will be a more rapid 
flow through the riser with the radiators as shown, than there would 
be if they were reversed and the largest one were placed upon the first 
floor. 

We get the average elevation of the system by multiplying the 
square feet of radiation on each floor by the elevation above the 
heater, then adding these products together and dividing the same 
by the total radiation in the whole system. In the case shown in 
B, the average elevation of the system would be 
(100 X 30) + (50 X 20) + (25 X 10) ^ 

100 + 50 + 25 ^^' 

and we must proportion the main riser the same as though the whole 
radiation were on the second floor. Looking in Table XXVII, we 
find, for the second story, that a l^-inch pipe will supply 140 square 
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feet; and a 2-inch pipe, 275 feet. Probably a IJ-inch pipe would 
be sufficient. 

Although the height of stories varies in different buildings, 10 
feet will be found sufficiently accurate for ordinary practice. 

INDIRECT HOT-WATER HEATINQ 

This is used under the same conditions as indirect steam, and 
the heaters used are similar to those already described. Special 
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Fig. 105. Diagram to Illustrate Finding of Average Elevation of Heating System. 

attention is given to the form of the sections, in order that there may 
be an even distribution of water through all parts of them. As the 
stacks are placed in the basement of a building, and only a short 
distance above the boiler, extra large pipes must be used to secure a 
proper circulation, for the head producing flow is small. The stack 
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casinf!^, cold-air and warm-air pipes, and registers are the same as 
in steam heating. 

Types of Radiators. The radiators for indirect hot-water heating 
are of the same general form as those used for steam. Those shown 
in Figs. 52, 53, 56, 106, and 107 are common patterns. The drum 
pin, Fig. 106, is an excellent form, as the method of making the 
connections insures a uniform distribution of water through the 
stack. 

Fig. 107 shows a radiator of good form for water circulation, and 
also of good depth, whicn is a necessary point in the design of hot- 
water radiators. They should be not less than 12 or 15 inches deep 
for good results. Box coils of the form given for steam may also be 




Fig. IDS. "Drnm Pin" Indirect Hot-Water Baaiator. 

used, provided the connections for supply and return are made of 
good size. 

Size of Stacks. As indirect hot-water heate's are used princi- 
pally In the warming of dv^elling-houses, and in combination with 
direct radiation, the easiest method is to compute the surfaces required 
for direct radiation, and multiply these results by 1 . 5 for pin radiators 
of good depth. For other forms the factor should vaiy from 1 .5 
to 2, depending upon the depth and proportion of free area for air- 
flow between the sections. 

If it is desired to calculate the required surface directly by the 
thermal unit method, we may allow an efficiency of from 360 to 400 
for good types in zero weather. 
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In schoolhouse and hospital work, whete lai^r volumes of air 
are warmed to lower temperatures, an efficiency as high as 500 B. T. U. 
may be allowed for radiators of good form. 

Flues and Casings. For cleanliness, as well as for obtaining 
the best results, indirect stacks should be hung at one side of the 
register or flue receiving the warm air, and the cold-air duct should 
enter beneath the heater at the other side. A space of at least 10 
inches, and preferably 12, should be allowed for the warm air above 
the stack. I'he top of the casing should pitch upward toward the 
warm-air outlet at least an inch in its length. A space of from 8 to 
10 inches should be allowed for cold air below the stack. 

As the amount of air warmed per square foot of heating surface 
is less than in the case of steam, we may make the flues somewhat 
smaller as compared 
with the size of heater. 
The following pro- 
portions may be used 
under usual conditions 
for dwelling - houses : 
IJ square inches per 
square foot of radia- 
tion for the first floor, 
1^ square inches for 
the second floor, and 
1\ square inches for 
the cold-air duct. 

Pipe Connections. In indirect hot-water work, it is not desirable 
to supply more than SO to 100 square feet of radiation from a single 
connection. When the requirements call for larger stacks, they 
should be divided into two or more groups according to size. 

It is customary to carry up the main from the boiler to a point 
near the basement ceiling, where it is air-vented through a small 
pipe leading to the expansion tank. The various branches should 
grade downward and connect with the tops of the stacks. In this 
way, all air, both from the boiler and from the stacks, will find its way 
to the highest point in the main, and be carried off automatically. 

As an additional precaution, a pet-cock air-valve should be placed 
in the last section of each stack, and brought out through the casing 
by means of a short pipe. 
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TABLE XXVIII 

Radiating Surface Supplied by Pipes of Various Sizes— Indirect Hot> 

Water System 



Diameter 
op 


Square Feet of Radiatjno Surface 


Pipe 


100 Ft. Run 


200 Ft. Run 


300 Ft. Run 


400 Ft. Run 


1 in. 

u •' 

li " 

2 " 

2i ^^ 

3 '* 
3i " 

4 " 

5 '' 

6 '' 

7 " 


15 
30 
50 
100 
175 
275 
425 
600 


25 
40 
75 
125 
200 
300 
425 
700 


25 
60 
100 
150 
225 
350 
575 


50 
90 
140 
200 
300 
500 
800 
1,200 



Some engineers make a practice of carrying the main, to the 
ceiling of the first story, and tjien dropping to the basement before 
branching to the stacks, the idea being to accelerate the flow of water 
through the main, which is liable to be sluggish on account of the 
small difference in elevation between the boiler and stacks. If 
the return leg of the loop is left uncovered, there will be a slight drop 
in temperature, tending to produce this result; but in any case it ^^11 
be exceedingly small. With supply and return mains of suitable 
size and properly graded, there should be no diflBculty in securing a 
good circulation in basements of average height. 

Pipe Sizes. As the difference in elevation between the stacks 
and the heater is necessarily small, the pipes should be of ample size 
to offset the slow velocity of flow through them. The sizes mentioned 
in Table XXVIII, for runs up to 400 feet, will be found to supply 
ample radiating surface for ordinary conditions. Some engineers 
make a practice of using somewhat smaller pipes, but the larger sizes 
will in general be found more satisfactory. 

CARE AND MANAGEMENT OF HOT-WATER HEATERS 

The directions given for the care of steam-heating boilers apply 
in a general way to hot-water heaters, as to the methods of caring 
for the fires and for cleaning and filling the heater. Only the special 
points of difference need be considered. Before building the fire, all 
the pipes and radiators must be full of water, and the expansion tank 
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should be partially filled as indicated by the gauge-glass. Should 
the water in any of the radiators fail to circulate, see that the valves 
are wide open and that the radiator is free from air. Water must 
always be added at the expansion tank when for any reason it is 
drawn from the system. 

The required temperature of the water will depend upon the 
outside conditions, and only enough fire should be carried to keep 
the rooms comfortably warm. Ther- 
mometers should be placed in the flow 
and return pipes near the heater, as a 
guide. Special forms are made for 
this purpose. In which the bulb is im- 
mersed in a bath of oil or mercury (see 
Fig. 108). 

FORCED HOT-WATER CIRCU- 
LATION 

While the gravity system of hot- 
water heating is well adapted to 
buildings of small and medium size, 
there is a limit to which it can be car- 
ried economically. This is due to the 
slow movement of the water, which 
calb for pipes of excessive size To 
overcome this difficulty, pumps are 
used to force the water through the 
mams at a comparatively high velocitj 

The water may be heated in a 

boiler in the same manner as for 

gravity circulation, or exhaust steam 

may be utihzed in a feed-water heater ^eed pipe 

t? 1 _i I ^L "^^^ Temperature or Water 

of large size bometimes part of the 

heat IS denved from an economizer placed in the smoke passage 

from the boilers 

Syst^ns of Piping. The mains for forced circulation are usually 

run in one of two ways In the ttco-ptpe system shown in Fig 109, 

the supply and return are earned side by side, the former reducing 

ID size, and the latter increasing as the branches are taken oS 
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The flow through the risers is produced by the difference in 
pressure in the supply and return mains; and as this is greatest 
nearest the pump, it is necessary to place throttle-valves in the risers 
to prevent short-circuiting and to secure an even distribution through 
all parts of the system. 

Fig. 110 shows the single-pipe or circuit system. This is similar 
to the one already described for gravity circulation, except that it can 
be used on a much larger scale. 

A single main is carried entirely around the building in this 
case, the ends being connected with the suction and discharge of the 
pump as shown. 

As the pressure or head in the main drops constantly throughout 
the circuit, from the discharge of the pump back to the suction, it is 
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Pig. 109. **Two-Pipe" System for Forced Hot- Water Circulation. 

evident that if a supply riser be taken off at any point, and the return 
be connected into the main a short distance along the line, there wil! 
be a sufficient difference in pressure between the two points to produce 
a circulation through the two risers and the connecting radiators. 
A distance of 8 or 10 feet between the connections is usually ample to 
produce the necessary circulation, and even less if the supply is, taken 
from the top of the main and the return connected into the side. 

Sizes of Mains and Branches. As the velocity of flow is inde- 
pendent of the temperature and elevation when a pump is used, it is 
necessary to consider only the volume of water to be moved and the 
length of run. 
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The volume is found by the equation 

o — ^ ^ 
^ " 500 r' 

in which 

Q = Gallons of water required per minute; 
R = Square feet of radiating surface to be supplied; 
E = Efficiency of radiating surface in B. T. U. per sq. foot per hour; 
T = Drop in temperature of the water in passing through the heating 
system. 

In systems of this kind, where the circulation is comparatively 
rapid, it is customary to assume a drop in temperature of 30° to 40°, 
between the supply and return. 

Having determined the gallons \)f water to be moved, the required 
size of main can be found by assimiing the velocity of flow, which 
for pipes from 5 to 8 inches in diameter may ba taken at 400 to 500 
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Pig. no. * 'Single-Pipe" or "Circuit" System for Forced Hot- Water Circulatiou. 

feet per minute. A velocity as high "?. 600 feet is sometimes allowed 
for pipes of large size, while the veLciiy in those of smaller diameter 
should be proportionally reduced to 250 or 300 feet for a 3-inch pipe. 
The next step is to find the pressure or head necessary to force the 
water through the main at the given velocity. This in general should 
not exceed 50 or 60 feet, and much better pump eflBciencies will be 
obtained with heads not exceeding 35 or 40 feet. 

As the water in a heating system is in a state of equilibrium, the 
only power necessary to produce a circulation is that required to 
overcome the friction in the pipes and radiators; and, as the area of 
the passageways through the latter is usually large in comparison 
with the former, it is customary to consider only the head necessary 
to force the water through the mains, taking into consideration the 
additional friction produced by valves and fittings. 
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Each long-turn elbow may be taken as adding about 4 feet to 
the length of pipe; a short-turn fitting, about 9 feet; 6-ineh and 
4-inch swing check-valves, 50 feet and 25 feet, respectively; and 
6-inch and 4-inch globe check-valves, 200 feet and 130 feet, respec- 
tively. 

Table XXIX is prepared especially for determining the size of 
mains for different conditions, and is used as follows: 

Example. Suppose that a heating system requires the circulation of 480 
gallons of water per minute through a circuit main 600 feet in length. The 
pipe contains 12 long-turn elbows and 1 swing check-valve. What diameter 
of main should be used 7 

Assuming a velocity of 480 feet per minute as a trial velocity, we 
follow along the line corresponding to that velocity, and find that a 
5 -inch pipe will deliver the required volume of water under a head 
of 4.9 feet for each 100 feet length of run. 

The actual length of the main, including the equivalent of the 
fittings as additional length, is 

609 + (12 X 4) + 50 = 698 feet; 

hence the total head required is 4.9 X 6.98 = 34.2 feet. As both 
the assumed velocity and the necessary head come within practicable 
limits^ this is the size of pipe which would probably be used. If it 
were desired to reduce the power for running the pump, the size of 
main could be increased. That is, Table XXIX shows that a 6-inch 
pipe would deliver the same volume of water with a friction head of 
only about 2 feet per 100 feet in length, or a total head of 2 X 6.98 = 
15.96, or 16 ft. 

The risers in the circuit system are usually made the same size 
as for gravity work. With double mains, as shown in Fig. 109, they 
may be somewhat smaller, a reduction of one size for diameters over 
1 J inches being common 

The branches connecting the risers with the mains may be pro- 
portioned from the combined areas of the risers. When the branches 
are of considerable size, the diameter may be computed from the 
available head and volume of water to be moved. 

Pumps. Centrifugal pumps are usually employed in connection 
with forced hot-water circulation, in preference to pumps of the 
piston or plunger type. They are simple in construction, having 
no valves, produce a continuous flow of water, and, for the low heads 
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against which they are operated, have a good efficiency. A pump of 
this type, with a direct-connected engine, is shown in Fig. 111. 

Under ordinary conditions the efficiency of a centrifugal pump 
falls off considerably for heads above 30 or 35 feet; but special high- 
speed pumps are constructed which work with a good efficiency 
against 500 feet or more. 

Under favorable conditions an efficiency of 60 to 70 per cent is 
often obtained; but for hot-water circulation it is more common to 
assume an efficiency of about 50 per cent for the average case. 

The horse-power required for driving a pump is given by the 
following formula: 

HXVX 8.3 



H. P. = 



33,000 X E * 



in which 



H = Friction head in feet ; 

V = Gallons of water delivered per minute; 

E = EflBciency of pump. 



Centrifugal pumps are made in many sizes and with varying 
proportions, to meet the different requirements of capacity and head. 

Heaters. If the water is heated in a boiler, any good form may 
be used, the same as for gravity work. In case tubular boilers are 
used, the entire shell may be filled with tubes, as no steam space is 
required. 

In order to prevent the water from passing in a direct line from 
the inlet to the outlet, a series of baffle-plates should be used to bring 
it in contact with all parts of the heating surface. 

When steam is used for heating the water, it is customary to 
employ a closed feed-water heater with the steam on the inside of the 
tubes and the water on the outside. 

Any good form of heater can be used for this purpose by providing 
it with steam connections of sufficient size. In the ordinary form of 
heater, the feed-water flows through the tubes, and the connections 
are therefore small, making it nece33ary to substitute special nozzles 
of large size when used in the manner here described. 

When computing the required amount of heating surface in the 
tubes of a heater, it is customary to assume an efficiency of about 200 
B- T. U. per square foot of surface per hour, per degree difiPerence in 
temperature between the water and steam. 
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It is usual to circulate the water at a somewhat higher tempera- 
ture in systems of this kind, and a maximum iDitial temperature of 
200 degrees, with a drop of 40 degrees in the heating system, may be 
used in computing the size of heater. If exhaust steam is used at 
atmospheric pressure, there will be a difference of 212 — 180 = 32 
degrees, between the average temperature of the water and the steam, 
giving an efficiency of 200 X 32 = 6,400 B. T. U. per square foot 
of heating surface. 

From this it is evident that 6,400 + 170 = 38 square feet of 
direct radiating surface, or 6,400 -r 400 = 16 square feet of indirect, 
may be supplied from each square foot of tube surface in the heater. 

Example. A building having 6,000 square feet of direct, and 2,000 
square feet of indirect radiation, is to be warmed by hot water under forced 
circulation. Steam at atmospheric pressure is to be used for beating the 
water. How many square feet of heating surface stiould the heater contain 1 

6,000 -- 38 = 158; and 2,000 
-^ 16 = 125; therefore, 158 + 
125 = 283 square feet, the area 
of heating surface called for. 

When the exhaust steam is 
not sufficient for the require- 
ments, an auxiliary live steam 
heater is used in connection 
with it. 

EXAMPLES FOTi PRACTICE 

1. A building contains 
10,000 square feet of direct 
radiation and 4,000 square feet 
of indirect radiation. How 
many gallons of water must be circulated through the mains per min- 
ute, allowing a drop in temperature of 40 degrees? Ans. 165 gal, 

2. In the above example, what size of main should be used, 
assuming the circuit to be 300 feet in length and to contain ten long- 
turn elbows? The friction head is not to exceed 10 ft., and the 
velocity of flow not to exceed 300 feet per minute. Ans. 4-inch. 

3. What horse-power will be required to drive a centrifugal 
pump delivering 400 gallons per minute against a friction head of 
40 feet, assuming an efficiency of 50 per cent for the pump? 

Ans. 8 H. P. 
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4. A building contains 10,000 square feet of direct radiation and 
5,000 square feet of indirect radiation. Steam at atmospheric pres- 
sure is to be used. The initial temperature of the water is to be 200^; 
and the final- 160°. How many square feet of heating surface should 
the heater contain? Ans. 575 sq. ft. 

5. How many square feet would be required in the above 
heater (Example 4) if the initial temperature of the water were 180° 
and the final temperature 150°? Ans. 399 sq. ft. 

EXHAUST-STEAM HEATINQ 

Steam, after being used in an engine, contains the greater part 
of its heat; and if not condensed or used for other purposes, it can 
usually be employed for heating without affecting to any great extent 
the power of the engine. In general, we may say that it is a matter of 
economy to use the exhaust for heating, although various factor^ 
tnust be considered in each case to determine to what extent this is 
true. The more important considerations bearing upon the matter 
are: the rela|ive quantities of steam required for power and for 
heating; the length of the heating season; the type of engine used; 
the pressure carried; and, finally, whether the plant under con- 
sideration is entirely new, or whether, on the other hand, it involves 
the adapting of an old heating system to a new plant. 

The first use to be made of the exhaust steam is the heating of 
the feed-water, as this effects a constant saving both summer and 
winter, and can be done without materially increasing the back- 
pressure on the engine. Under ordinary conditions, about one-sixth 
of the steam supplied to the engine can be used in this way, or more 
nearly one-fifth of the exhaust discharged from the engine. 

We may assume in average practice that about 80 per cent of 
the steam supplied to an engine is discharged in the form of steam 
at a lower pressure, the remaining 20 per cent being partly converted 
into work and partly lost through cylinder condensation. Taking 
this into account, there remains, after deducting the steam used fot 
feed-water heating, .8 X f = .64 of the entire quantity of steam 
supplied to the engine, available for heating purposes. 

When the quantity of steam required for heating is small com- 
pared with the total amount supplied to the engine, or where the 
heating season is short, it is often more economical to run the engine 
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condensing and use the live steam for heating. This can be deter- 
mined in ary particular ease by computing the saving in fuel by the 
use of a condenser, taking into account the interest and depreciation 
on the first cost of the condensing apparatus, and the cost of water, 
if it must be purchased, and comparing it with the cost of heating 
with live steam. 

Usually, however, in the case of office buildings and institutions, 
and commonly in the case of shops and factories, especially in north- 
erly latitudes, it is advantageous to use the exhaust forheating, even if 
a condenser is installed for summer use only. The principal objec- 
tion raised to the use of exhaust steam has been the higher back- 
pressure required on the engines, resulting in a loss of power nearly 
proportional to the ratio of the back-pressure to the mean effective 
pressure^ There are two ways of offsetting this loss — one, by raising 
the initial or boiler pressure; and the other, by increasing the cut- 
off of the engine. Engines are usually designed to work most econom- 
ically at a given cut-off, so that in most cases it is undesirable to 
change it to any extent. Raising the boiler pressure, on the other 
hand, is not so objectionable if the increase amounts to only a few 
pounds. 

Under ordinary conditions in the case of a simple engine, a rise 
of 3 pounds in the back-pressure calls for an increase of about 5 
pounds in the boiler pressure, to maintain the same power at the 
engine. 

The indicator card shows a back-pressure of about 2 pounds 
when an engine is exhausting into the atmosphere, so that an increase 
of 3 pounds would bring the pressure up to a total of 5 pounds which 
should be more than sufficient to circulate the steam through any 
well-designed heating system. 

If it is desired to reduce rather than increase the back-pressure, 
one of the so-called vacuum systemSy described later, can be used. 

The systems of steam heating which have been described are 
those in which the water of condensation flows back into the boiler 
by gravity. Where exhaust steam is used, the pressure is much below 
that of the boiler, and it must be returned either by a pump or by a 
return trap. The exhaust steam is often insufficient to supply the 
entire heating system, arid must be supplemented by live steam taken 
directly from the boiler. This must first pass through a reducing 
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valve in order to reduce the pressure to correspond with that carried 
in the heating system. 

An engine does not deliver steam continuously, but at regular 
intervals, at the end of each stroke; and the amount is likely to vary 
with the work done, since the governor is adjusted to admit steam in 
such a quantity as is required to maintain a uniform speed. If the 
work is light, very little steam will be admitted to the engine; and 
for this reason the supply available for heating may vary somewhat, 
depending upon the use made of the power delivered by the engine. 
In mills the amount of exhaust steam is practically constant; in 
oflBce buildings where power is used for lighting, the variation is 
greater, especially if power is also required for the running of elevators. 

The general requirements for a successful system of exhaust 
steam heating include a system of piping of such proportions that 
only a slight increase in back-pressure will be thrown upon the engine; 
a connection which shall automatically supply live steam at a reduced 
pressure as needed; provision for removing the oil from the exhaust 
steam ; a relief or back-pressure valve arranged to prevent any sudden 
increase in back pressure on the engine; and a return system of some 
kind for returning the water of condensation to the boiler against 
a higher pressure. These requirements may be met in various ways, 
depending upon actual conditions found in different cases. 

To prevent sudden changes in the back-pressure, due to irregular 
supply of steam, the exhaust pipe from the engine is often carried to 
'a closed tank having a capacity from 30 to 40 times that of the engine 
cylinder. This tank may be provided with baffle-plates or other 
arrangements and may serve as a separator for removing the oil from 
the steam as it passes through. 

Any system of piping may be used; but great care should be 
taken that as little resistance as possible is introduced at bends and 
fittings ; and the mains and branches should be of ample size. Usually 
the best results are obtained from the system in which the main steam 
pipe is carried directly to the top of the building, the distributing pipes 
being run from that point, and the radiating surfaces supplied by a 
down-flowing current of steam. 

Before taking up the matter of piping in detail a few of the more 
important pieces of apparatus will be described in a brief way. 

Reducing Valves. The action of pressure-reducing valves has 
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been taken up quite fully in "Boiler Accessories," and need not be 
repeated here. When the reduction in pressure is large, as in the 
case of a combined power and heating plant, the valve may be one or 
two sizes smaller than the low-pressure main into which it discharges. 
For example, a 5-inch valve will supply an 8-inch main, a 4-inch a 
6-inch main, a 3-inch a 5-inch main, a 2i-inch a 4-inch main, etc. 

For the smaller sizes, the difference should not be more than on? 
size. All reducing valves should be provided with a valved by-pass 
for cutting out the valve in case of repairs. This connection is usually 
made as shown in plan by Fig. 112. 

Grease Extractor. When exhaust steam is used for heating pur- 
poses, it must first be passed through some form of separator for 
removing the oil; and as an additional precaution it is well to pass the 
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Fig. 118. Connections of Reducing Valve In Exhaust-Steam Heating System. 

water of condensation through a separating tank before returning it to 
the boilers. 

Such an arrangement is shown in Fig. 113. As the oil collects 
on the surface of the water in the tank, it can be made to overflow 
■nto the sewer by closing the valve in the connection with the receiving 
tank, for a short time. 

As much of the oil as possible should be removed before the 
steam enters the pipes and radiators, else a coating will be formed on 
their inner surfaces, which will reduce their heating efficiency. The 
separation of the oil is usually effected by introducing a series of 
baffling plates in the path of the steam; the particles of oil striking 
these are stopped, and thus separated from the steam. The oil drops 
into a receiver provided for this purpose and is discharged through a 
trap to the sewer. 

In the separator, or extractor, shown in Fig. 114, the separation is 
accomplished by a series of plates placed in a vertical position in the 
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body of the separator, through which the steam must pass. These 
plates consist of upright hollow columns, with openings at regular 
intervals for the admission of water and oil, which drain downward 
to the receiver below. The steam takes a zigzag course, and all of 
it comes in contact with the intercepting plates, which insures a 
thorough separation of the oil and other solid matter from the steam. 
Another form, shown in Fig. 115, gives excellent results, and has the 
advantage of providing an equalizing chamber for overcoming, to 
some extent, the unequal pressure due to the varying load on the 
engine. It consists of a tank or receiver about 4 feet in diameter, 
with heavy boiler-Iron heads slightly crowned to give stiffness. 
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Fig, 113. Separator for Bemoylng OU from Exhaust Steam and Water Condensation. 

llirough the center is a layer of excelsior (wooden shavings of long 
fibre) about 12 inches in thickness, supported on an iron grating, 
with a similar grating laid over the top to hold it in place. The 
steam enters the space below the excelsior and passes upward, as 
shown by the arrows. The oil is caught by the excelsior, which can 
be renewed from time to time as it becomes saturated. The oil and 
water which fall to the bottom of the receiver are carried off through 
a trap. Live steam may be admitted through a reducing valve, for 
supplementing the exhaust when necessary. 

Back-Pressure Valve. This is a form of relief valve which is 
placed in the outboard exhaust pipe to prevent the pressure in the 
heating system from rising above a given point. Its office is the 
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reverse of the reducing valve, which supplies more steam when 
the pressure becomes too low. The form shown in Fig. 116 is 
designed for a vertical pipe. The valve proper consists of two discs 
of unequal area, the combined area of which equab that of the pipe. 
The force tending to open the valve is that due to the steam pressure 
acting on an area equal to the difference in area between the two discs; 
it is clear from the cut that the 
pressure acting on the larger 
disc *£nds to open the vahe 
while the pressure on the smal- 
ler acts m the opposite direc- 
tion. The valve-stem is con- 
nected by a link and crank 
arm with a spindle upon which 
is a lever and weight outsiae 
As the valve opens, the weight 
is raised, so that, by placing it 
in different positions on the 
lever ann, the vahe will open 
at any desired pressure 

Fig 117 shows a different 
type, in which a spring is used 
instead of a weight This 
valve has a single disc moving BZCBVCR 
in a vertical direction. The 
valve stem is m the form of a 
piston or dash-pot which pre- 
vents a too sudden movement 
and makes it more quiet in 
its action. The disc is held 
on its seat against the steam 
pressure by a lever attached 
to the spring as shown. When 
the pressure of the steam on the underside becomes greater than the 
tension of the spring, the valve lifts and allows the steam to escape. 
The tension of the spring can be varied by means of the adjusting 
screw at its upper end. 

A back-pressure valve is simply a low-pressure safety-valve 
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designed with a specially large opening for the passage of steam 
through it. These valves are made for horizontal as well as for 
vertical pipes. 
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Fig. 115. Oil Separator Consisting of a Tank in which Steam is Filtered by Passing 

Upward through a Layer of Excelsior. 

Exhaust Head. This is a form of separator placed at the top 
of an outboard exhaust pipe to prevent the water carried up in the 
steam from falling upon the roofs of buildings or in the street below. 
Fig. 118 is known as a centrifugal exhaust head. The steam, on 

entering at the bottom, is given a 
whirling or rotary motion by the 
spiral deflectors; and the water is 
thrown outward by centrifugal force 
against the sides of the chamber, from 
which it flows into the shallow trough 
at the base, and is carried away through 
the drip-pipe, which is brought down 
and connected with a drain-pipe in- 
side the building. The passage of the 
steam outboard is shown by the arrows. 
Other forms are used in which the 
water is separated from the steam by 
deflectors which change the direction of 
the currents. 
Automatic Return-Pumps. In exhaust heating plants, the 
condensation is returned to the boilers by means of some form of 
return-pump. A combined pump and receiver of the form illus- 




Fig. 116. Automatically Acting Back 
Pressure Valve Attached to Ver- 
tical Pipe. For Preventing 
Else of Pressure in System 
above any Desired 
Point. 
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trated in Fig. 119 is generally used. This consists of a cast-iron or 
wrought-iron tank mounted on a base in connection with a boiler 
feed-pump. Inside the tank is a ball-float connected by means of 
levers with a valve in the steam pipe which is connected with the 
pump. When the water-line in the tank rises above a certain level, 
the float is raised and opens the steam valve, which starts the pump. 
When the water is lowered to its normal level, the valve closes and 
the pump stops. By this arrangement, a constant water-line is 
maintained in the receiver, and the pump runs only as needed to care 
for the condensation as it returns from the heating system. If dry 
returns are used, they may be brought together and connected with 
the top of the receiver. If it is desired to seal the horizontal runs, as 




Pig. 117. Back-Pressure Valve Automatic- Fig. 118. Centrifugal Exhau 
ally Operatea by a Spring 



is usually the case, the receiver may be raised to a height sufficient 
to give the required elevation and the returns connected near the 
bottom below the water-line. 

A balaTwe-pipe, so called, should connect the heating main with 
the top of the tank, for equalizing the pressure; otherwise the steam 
above the water would condense, and the vacuum thus formed would 
draw all the water into the tank, leaving the returns practically empty 
and thus destroying the condition sought. Sometimes an inde- 
pendent regulator or pump governor is used in place of a receive;. 
One type is shown in Fig. 120. The return main is connected at 
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the upper opening, and the pump suction at the lower. A float inside 
the chamber operates the steam valve shown at the top, and the pump 
works automatically as in the case just described. 

If it is desired to raise the water-line, the regulator may be 
elevated to the desired height and connections made as shown ia 
Fig. 121. 

R^uni Traps. The principle of the return trap has been de- 
scribed in "Boiler Accessories/'' but its practical form and application 




Fig. 119. Buffalo Duplei AulomsUe Feed Pump and Receiver for Returning Water of 

CaadeDBation Ui Boiler. 

Cmrteiv of Buffalo Forge Company, Buffalo, Nta York. 

will be taken up here. The type shown in Fig. 122 has all its working 
parts outside the trap. It coasists of a cast-iron bowl pivoted at G and 
H. There is an opening through G connecting with the inside of 
the bowl. The pipe K connects through C with an interior pipe 
opening near the top (see Fig. 123). The pipe D connects with a 
receiver, into which all the returns are brought. -4 is a check-valve 
allowing water to pass through in the direction shown by the arrow. 
£ is a pipe connecting with the boiler below the water-line. S is a 
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check opening tpward the boiler, and K, a pipe connected with the 
steam main or drum. 

The action of the trap is as fol- 
lows : As the bowl fills with water from 
the receiver, it overbalances the 
weighted lever and drops to the bot- 
tom of the ring. This opens the valve 
C, and admits steam at boiler pres- 
sure to the top of the trap. Being at 
a higher level the water flows by grav- 
ity into the boiler, through the pipe E. 
Water and steam are kept from passing 
out through D by the check A, 

When the trap has emptied it- 
self, the weight of the ball raises it 
to the original position, which movement closes the valve C and opens 
the small vent F. The pressure in the bowl being relieved, water 
flows in from the receiver through D, until the trap is filled, when the 




Fig. 120. Automatic Float-Operated 

Pump G6vemor Used instead 

of a Receiver. 
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Fig. 121. Pump Regulator Placed at Sufficient Height to Raise Water-Line to 

Point Desired. 

process is repeated. In order to work satisfactorily, the trap should 
be placed at least 3 feet above the water-level in the boiler, and the 
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pressure in the returns must always be sufficient to raise the water 
from the receiver to the trap against atmospheric pressure, which is 
theoretically about 1 pound for every 2 Feet in height. In practice 
there will be more or less friction to 
overcome, and suitable adjustments must 
be made for each particular case. 

Fig. 124 shows another form of trap 
acting upon the same principle, except 
that in this case the steam valve is oper- 
ated by a bucket or float inside the trap. 
The pipe connections are practically the 
same as with the trap just described. 

Return trap are more commonly ' 
used in smaller plants where it b desired p.jg , 
to avoid the expense and care of a pump. 

Dampen-Regulators. Every heating and every power plant 
should be provided with automatic means for closing the dampers 
when the steam pressure reaches a certain point, and for opening 
them again when the pressure drops. There are various regulators 
designed for this purpose, a simple form of which is shown in Fig. 125, 
Steam at boiler pres- 
sure is admitted beneath a 
diaphragm which is bal- 
anced by a weighted lever. 
When the pressure rises to a 
certain point, it raises the 
lever slightly and opens a 
valve which admits water 
under pressure above a dia- 
phragm located near the 
smoke-pipe. This action 
forces down a lever con- 
nected by chains with the 
__ior Detail of Beiura Trap d a m p e r , and closcs it. 
i( Fig. 1S2. When the steam pressure 

drops, the water-valve is closed, and the different parts of the 
apparatus take their original positions. 

Another form similar in principle is shown in Fig. 126. In this 




Fig. 123. Showing Ti 
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case a piston is operated by the water-pressure, instead of a diaphragm. 
In both types the pressures at which the damper shall open and close 
are regulated by suitable adjustments of the weights upon the levers. 
Pipe Connections. The method of making the pipe connections 
in any particular case will depend upon the general arrangement 
of the apparatus and the various conditions. Fig, 1^7 illustrates 




Return TtBiP with Steam Valve Operated b^ Backet or Float Inside. 



the general principles to be followed, and by suitable changes may be 
used as a guide in the design of new systems. 

Steam first passes from the boilers into a large drum or header. 
From this, a main, provided with a shut-oif valve, is taken as shown; 
one branch is carried to the endues, while another is connected with 
the heating system through a reducing valve having a by-pass and 
But-out valves. The exhaust from-the engines connects with the laige 
main over the boilers at a point just above the sfeam drum. The 
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branch at the right is carried outboard through a back-pressure 
valve which may be set to carry any desired pressure on the system. 
The other branch at the left passes through an oil separator into the 
heating system. The connections between the mains and radiators 
are made in the usual way, and the main return is carried back to the 
return pump near the floor. A false water-line or seal is obtained by 
elevating the pump regulator as already described. An equalizing 
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Pig. 125. Simple Form of Automatic Damper-Regulator, Operated by Lever Attached to 
Diaphragm, for Closing Dampers when Steam Pressure Reaches a Certain Point. 

or balance pipe connects the top of the regulator with the low-pressure 
heating main, and high pressure is supplied to the pump as shown. 

A sight-feed lubricator should be placed in this pipe above the 
automatic valve; and a valved by-pass should be placed around the 
regulator, for running the pump in case of accident or repairs. The 
oil separator should be drained through a special oil trap to a catch- 
basin or to the sewer; and the steam drum or any other low points 
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or pockets in the high-pressure piping should be dripped to the 
return tank through suitable traps. 

Means should be provided for draining all parts of the system 
to the sewer, and all traps and special apparatus should be by-passed. 
The retum-pump should always be duplicated in a plant of any size, 
as a safeguard against accident; and the two pumps should be run 
alternately, to make sure that one is always in working order. 




One piece of apparatus not shown in Fig. 127 is the feed-water 
heater. If all of the exhaust steam can be utilized for heating pur- 
poses, this is not necessary, as the cold water for feeding the boilers 
may be dischai^ed mto the return pipe and be plimped in with the 
condensation. In sununertime, however, when the heating plant is 
net in use, a feed-water heater is necessary, as a large amount of heat 
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which would otherwise be wasted may be saved in this way. The 
connections will depend somewhat upon the form of heater used; 
but in general a single connection with the heating main inside the 
back-pressure valve is all that is necessary. The condensation from 
the heater should be trapped to the sewer. 
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HEATING AND VENTILATION 

PART III 



VACUUM SYSTEMS 

LowJVessure or Vacuum Systrans. In the systems of steam 
heating which have been described up to this point, the pressure' 
carried has always been above that of the atmosphere, and the action 
of gravity has been depended upon to carry the water of condensation 
back to the boiler or receiver; the air in the radiators has been forced 
out through air-valves by the pressure of steam back of it. Methods 
will now be taken up in which the pressure In the heating system is 
less than the atmosphere, and where 
the circulation through the radiators is 
produced by suction rather than by 
pressure. Systems of this kind have 
several advantages over the ordinary 
methods of circulation under pressure. 
First — no back-pressure is produced 
■ at the engines when used in connection 
with exhaust steam; but rather there 
will be a reduction of pressure due to 
the partial vacuum existing in the radia- 
tors. Second — there is a complete 
removal of air from the coils and '- 
radiators, so that all portions are 
steam-filled and available for heating 
purposes. Third — there is complete rainage through the returns, 
especially those having long horizontal runs; and there is absence of 
water-hammer. Fourth — smaller return pipes may be used. 
The two older systems of this kind in common use are known as the 
Webster and Paul systems ; other systems of recent introduction are 
described in the Instruction Paper on Steam and Hot-Water Fitting. 

Webster Syst^n. This consists primarily of an automatic outlet- 
valve on each coil and radiator, connected with some form of suction 
apparatus such as a pump or ejector. One type of valve used is 
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shown in section in Fig. 128, which replaces the usual hand-valve at 

the return end of the radiator. It is similar in construction to sonae 

of the air-valves already described, consisting of a bellows or sylphon 

which is filled with a volatile liquid; in 

the presence of the steam the liquid 

partially vaporizes, thus expanding the 

bellows so that it presses against the 

valve opening and closes it. When water 
. or air fills the valve, the bellows con- 
tracts and allows it to be sucked out as 

shown by the arrows. 

Fig. 129 shows a thermostatic valve, 

which operates on the same principle as 

that of Fig. 128, but which is designed for 

higher pressures than are commonly used 

forheatingpurposes; andFig.l30indicates '^"° ■''"'''■ 

the method used in draining the bottoms of risers or the ends of mains. 
Fig. 131 shows another form of this valve, called a water-seal 

motor, which is used under practically the same conditions. Its 

action is as follows: 

Ordinarily, the seal A is down, and the central tube-valve is 

resting upon the seat, closing the port K and preventing direct com- 
munication between the interior of 
the motor-body E and the outlet 
L. The outlet is attached to a pipe ' 
leading to a vacuum-pump, 
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other draining apparatus, which 
exhausts the space F above the seal 
through the annular space between 
the spindle B and the inside of the 
DTopL.5 central tube G. The water of 

^- '™Dotwmfot'Bl^«^ll.a^°"'^ condensation, accumulating in the 
'""■ radiator or coil, passes into the 

chamber E, through the inlet C, rises in the chamber, and seals the 
space between the seal-shell A and the sleeve of the bonnet D. The 
differential pressure thus created causes the seal A to rise, lifting the 
end of the central tube off the seat, thus opening a clear passageway 
tor the ejection of the water of condensation. 
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When all the water of condensation has been drawn out of the 
radiator, the seal and tube are reseated by gravity, thus closing the 
port K, preventing waste or loss of steam ; and the pressure is equal- 
ized above and below the seal because of the absence of water. This 
action is practically instantaneous. When the condensation is small 
in quantity, the discharge is intermittent and rapid. 

The space between the seal A and the sleeve of the bonnet D, 
and the annular space between the central tube G and the spindle B, 




Pig, 13L Water-Seal Uotor. 



form a passageway through which the air b continually withdrawn by 
the vacuum pump or other draining apparatus. 

The action outlined continues as long as Water is present. 

No adjustment whatever is necessary; the motor is entirely auto- 
matic. 

One special advantage claimed for this system is that the amount 
of steam admitted to the radiators may be regulated to suit the require- 
ments of outside temperature; and is possible without watp-- 
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logging or hammering. This may be done at will by closing down on 
the inlet supply to the desired degree. The result is the admission 
of a smaller amount of steam to the radiator than it is calculated to 
condense normally. The condensation is removed as fast as formed, 
by the opening of the thermostatic valve. 

The general application of this system to exhaust heating is 
shown in Fig. 132. Exhaust steam is brought from the engine as 
shown; one branch leads outboard through a back-pressure valve, 
while the other connects with the heating system through a grease 
extractor. A live steam connection is made through a reducing 
valve, as in the ordinary system. Valved connections are made 
with the coils and radiators in the usual manner; but the return 
valves are replaced by the special thermostatic valves described 
above. 

The main return is brought down to a vacuum pump which dis- 
charges into a return tank (not shown in the cut), where the air is 
separated from the water and passes off through a vapor pipe at the 
top. The condensation then flows into the feed-water heater, or 
receiving tank, from which it is automatically pumped back into the 
boilers. The cold-water feed supply is connected with the return 
tank, and a small cold-water jet is connected into the suction at the 
vacuum pump for increasing the vacuum in the heating system by 
the condensation of steam at this point. 

Paul System. In this system the suction is connected with the 
air-valves instead of the returns, and the vacuum is produced by 
means of a steam ejector instead of a pump. The returns are carried 
back to a receiving tank, and pumped back to the boiler in the usual 
manner. The ejector in this case is called the exhauster. 

Fig. 133 shows the general method of making the pipe connec- 
tions with the radiators in this system; and Fig. 134, the details of 
connection at the exhauster. 

A A are the returns from the air-valves, and connect with the 
exhausters as shown. Live steam is admitted in small quantities 
through the valves BB; and the mixture of air and steam is discharged 
outboard through the pipe C. D D are gauges showing the pressure 
in the system; and E E are check-valves. The advantage of this 
system depends principally upon the quick removal of air from the 
various radiators and pipes, which constitutes the principal obstruction 
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to circulation; the inductive action in many cases is sufficient to cause 
the system to operate somewhat below atmospheric pressure. 

Where exhaust steam is used for heating, the radiators should 
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Fig. 183. Showing General Method of Making Pipe and Radiator Connections In 

Paul System. 



be somewhat increased in size, owing to the lower temperature of 
the steam. It is conmion practice to add from 20 to 30 per cent to 
the sizes required for low-pressure live steam. 
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FORCED BLAST 

In a system of forced circulation by means of a fan or blower 
the action is positive and practically constant under all usual con- 
ditions of outside temperature and wind action. This gives it. a 
decided advantage over natural or gravity methods, which are af- 

/t A 




Paul Exkamler^ 




PwlExhcaislar 




B 3 

Fig. 134. Details of Connections at Exhauster, Paul System. 

fected to a greater or less degree by changes in wind-pressure, and 
makes it especially adapted to the ventilation and warming of large 
buildings such as shops, factories, schools, churches, halls, theaters, 
etc., where large and definite air-quantities are required. 

Exhaust Method. This consists in drawing the air out of a 
building, and providing for the heat thus carried away by placing 
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steam coils under windows or in other positions where the inward 
leakage is supposed to be the greatest. When this method is used, a 
partial vacuum is created within the building or room, and all currents 
and leaks are inward; there is nothing to govern definitely the quality 
and place of introduction of the air, and it is difficult to provide suit- 
able means for warming it. 

Plenum Method. In this case the air is forced into the building, 
and its quality, temperature, and point of admission are completely 
under control. All spaces are filled with air under a slight pressure, 
and the leakage is outward, thus preventing the drawing of foul air 
into the room from any outside source. But above all, ample oppor- 
tunity is given for properly warming the air by means of heaters, 
either in direct connection with the fan or in separate passages leading 
to the various rooms. 

Form of Heating Surface. The best type of heater for any 
particular case will depend upon the volume and final temperature 
of the air, the steam pressure, and the available space. When the 
air is to be heated to a high temperature for both warming and venti- 
lating a building, as in the case of a shop or mill, heaters of the general 
form shown in Figs. 135, 136, and 137 are used. These may also be 
adapted to all classes of work by varying the proportions as required. 
They can be made shallow and of large superficial area, for the com- 
paratively low temperatures used in purely ventilating work; or 
deeper, with less height and breadth, as higher temperatures are 
required. 

Fig. 135 shows in section a heater of this type, and illustrates 
the circulation of steam through it. It consists of sectional cast-iron 
bases with loops of wrought-iron pipe connected as shown. The 
steam enters the upper part of the bases or headers, and passes up 
one side of the loops, then across the top and down on the other side. 
Where the condensation is taken off through the return drip, which 
is separated from the inlet by a partition. These heaters are made 
up in sections of 2 and 4 rows of pipes each. The height varies from 
3i to 9 feet, and the v/idth from 3 feet to 7 feet in the standard sizes. 
They are usually made up of 1-inch pipe, although 1 J-inch is commonly 
used in the larger sizes. Fig. 136 shows another form; in this case 
all the loops are made of practically the same length by the special 
form of construction shown. This is claimed to prevent the short- 
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circuiting of steam through the shorter loops, which causes the outer 
pipes to remain cold. Both of these heaters are usually e 
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sheet-steel housing, but may be supported on a foundation between 
brick walls if desired. Another form of heater used in the same 
manner as the above is shown in Fig. 137, 
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Fig. 138 shows a special form of heater particularly adapted to 
ventilating work where the air does not have to be raised above 70 or 
It is made up of 1-inch wrought-iron pipe connected 




with supply and return headers; each section contains 14 pipes, and 
they are usually made up in groups of 6 sections each. These coils 
are supported upon tee-irons resting upon a brick foundation. Heat- 
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ers of this form are usually made to extend across the side of a looin 
with brick walls at the sides, instead of being encased in steel housings. 

Fig. 139 shows a front view of a cast-iron sectional heater for 
use under the same conditions as the pipe heaters already described. 
This heater is made up of several banks of sections, like the one shown 
in the cut, and enclosed in a steel-plate casing. 

Cast-iron indirect radiators of the pin type are well adapted for 
use in connection with mechanical ventilation, and also for heating 
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where the air-volume is large and the temperature not too high, as 
in churches and halls. They make a convenient form of heater for 
schoolhouse and similar work, for, being shallow, they can be sup- 
ported upon I-beams at such an elevation that the condensation will be 
returned to the boilers by gravity. 

In the case of vertical pipe heaters, the bases are below the water- 
line of the boilers, and the condensation must be returned by the use 
of pumps and traps. 
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Efficiency of Pipe fleaters. The efficiency of the heaters used in 
connection with forced blast varies greatly, depending upon the 
temperature of the entering air, its velocity between the pipes, the 
temperature to which it is raised, and the steam pressure carried in 
the heater. The general method in which the heater is made up is 
also an important factor. 

In designing a heater of this kind, care must be taken that the 
free area between the pipes is not contracted to such an extent that 
an excessive velocity wiO be required to pass the given quantity of 
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Pig. 13B. Heater Especlallf Adapted to Venttlatlon where Air does 



It Have to be Heated 



air through it. In ordinary work it is customary to assume a velocity 
of 800 to 1,000 feet per minute; higher velocities call for a greater 
n the fan, which is not desirable in ventilating work. 
In the heaters shown, about -4 of the total area is free for the 
passage of air; that is, a heater 5 feet wide and 6 feet high would 
have a total area of 5 X 6 = 30 square feet, and a free area between 
the pipes of 30 X .4 = 12 square feet. The depth or number of rows 
of pipe does not affect the free area, although the friction is increased 
and additional work is thrown upon the fan. The efficiency in any 
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riven heater will be increased by increasing the velodty of the air 
through it; but the final temperature will be diminished; that is, 
a lai^r quantity of air will be heated to a lower temperature in the 
second case, and, while the total heat given off is greater, the air- 
quantity increases more rapidly than the heat-quantity, which causes 
a drop in temperature. 

Increasing the number of rows of pipe in a heater, with a con- 
stant air-quantity, increases the final temperature of the air, but 
diminbhes the efficiency of the heater, because the average difference 
in temperature between the air and the steam is less. Increasing 
the steam pressure in the 
heater (and consequently its 
temperature) increases both 
the final temperature of the 
air and the efficiency of the 
heater. Table XXX has been 
prepared from different tests, 
and may be used as a guide 
in computing probable results 
under ordinary working con- 
ditions. In this table it is 
assumed that the air enters 
the heater at a temperature of 
zero and passes between the 
pipes with a velocity of 800 
feet per minute. Column 1 
gives the number of rows of 
pipe in the heater, ranging 
from 4 to 20 rows; and columns 2, 3, and 4, show the final tempera- 
ture to which the entering air will be raised from zero under various 
pressures. Under 5 pounds pressure, for example, the rise in tem- 
perature ranges from 30 to 140 degrees; under 20 pounds, 35 to 150 
degrees; and under 60 pounds, 45 to 170 degrees. Columns 5, 6, and 
7 give approximately the corresponding efficiency of the heater. For 
example, air passing through a heater 10 pipes deep and carrying 20 
pounds pressure, will be raised to a temperature of 90 degrees, and 
the heater will have an efficiency of 1,650 B. T. U. per square foot of 
surface per hour. 




Fig. 139. Front View of Cast-iron SeclloOftl 
Heater. TheBanhsofSeeclons are Go- 
closed in a, Steel-Plate Casing. 
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TABLE XXX 

Data Concerning Pipe Heaters » 

Temperature of entering air, zero. — Velocity of air between the pipes, 

800 feet per minute. 





Temperature to which Air will 


Efficiency of Heating Surface inB. T. U .. 




BE Raised from Zero 


PER Square Foot per Hour 


Rows OF 






Pipe Deep 


Steam Pressure in Heater 


Steam Pressure In Heater 




5 lbs. 


20 lbs. 


60 lbs. 


6 lbs. 


20 lbs. 


60 lbs. 


4 


30 


35 


45 


1,600 


1,800 


2,000 


6 


50 


55 


65 


1,600 


1,800 


2,000 


8 


65 


70 


85 


1,500 


1,650 


1,850 


10 


80 


90 


105 


1,500 


1,650 


1,850 


12 


95 


105 


125 


1,500 


1,650 


1,850 


14 


105 


120 


140 


1,400 


1,500 


1,700 


16 


120 


130 


150 


1,400 


1,500 


1,700 


18 


130 


140 


160 


1,300 


1,400 


1,600 


20 


140 


150 


170 


1,300 


1,400 


1,600 



For a velocity of 1,000 feet, multiply the temperatures given in 
the table by .9, and the efficiencies by 1.1. 

Example, How many square feet of radiation will be required to raise 
600,000 cubic feet of air per hour from zero to 80 degrees, with a velocity 
through the heater of 800 feet per minute and a steam pressure of 5 pounds? 
What must be the total area of the heater front, and how many rows of 
pipes must it have? 

Referring bacjc to the formula for heat required for ventilation, 
we have 

600,000 X 80 



55 



= 872,727 B. T. U. required. 



Referring to Table XXX, we find that for the above conditions a 
heater 10 pipes deep is required, and that an efficiency of 1,500 

B. T. U. will be obtained. Then j = 582 square feet of 

1 ,500 

surface required, which may be taken as 600 in round numbers 
— -'- — = 10,000 cubic feet of air per minute; and ' =12.5 

square feet of free area required through the heater. If we assume 
.4 of the total heater front to be free for the passage of air, then 

— ^ = 31 square feet, the total area required. 
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For convenience in estimating the approximate dimensions of 
a heater. Table XXXI is given. The standard heaters made by dif- 
ferent manufacturers vary somewhat, but the dimensions given in 
the table represent average practice. Column 3 gives the square 
feet of heating surface in a single row of pipes of the dimensions given 
in columns 1 and 2; and column 4 gives the free area between the 
pipes. 

TABLE XXXI 
Dimensions of Heaters 



Width of Section 



3 fee 
3 
3 
3 



4 
4 
4 
4 



5 
5 
5 
5 



6 
6 
6 
6 ' 



7 • 

7 ' 

7 ' 

7 ' 



Height of Pipes 



3 feet 6 incRes 

4 " 

4 " 6 

5 " 



<< 

n 



4 


(< 


6 


ii 


5 


11 





ti 


5 


ti 


6 


it 


6 


11 





ti 


- 
5 


It 


6 


tt 


6 


it 





tt 


6 


ti 


6 


tt 


7 


tt 





tt 


6 


ii 


6 


ft 


7 


11 





<t 


7 


(t 


6 


ft 


8 


if 





it 



Square Feet of 
Surface 



20 
22 
25 

28 



34 
38 
42 
45 



7 
8 
8 
9 



'' 6 

" 6 
" 



ft 
it 
it 
tt 



52 
57 
62 
67 



75 
81 
87 
92 



98 
108 
109 
116 



Free Area through 
Heater in Sq. Ft. 



.4.2 
4.8 
5.4 
6.0 



7.2 
8.0 
8.8 
9.6 



11.0 
12.0 
13.0 
14.0 



15.6 
16.8 
18.0 
19.2 



21.0 
22.4 
23.8 
25.2 



In calculating the total height of the heater, add 1 foot for the 
base. 

These sections are made up of 1-inch pipe, except the last or 
7-foot sections, which are made of l^-inch pipe. 

Using this table in connection with the example just given, we 
should look in the last column for a section having a free area of 12.5 
square feet; here we find that a 5 feet by 6 feet 6 inches section has a 
free opening of 13 square feet and a radiating surface of 62 square 
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feet. The conditions call for 10 rows of pipes and 10 X 62 = 620 
square feet of radiating surface, which is slightly more than called for, 
but which would be near enough for all practical purposes. 

EXAMPLE FOR PRACTICE 

Compute the dimensions of a heater to warm 20,000 cubic feet 
of air per minute from 10 below ,zero to 70 degrees above, with 5 
pounds steam pressure. 

Ans. 1,164 sq. ft. of rad. surface 10 pipes deep. 
25 sq. ft. free area through heater. 

Use twenty 5 ft. by 6 ft. sections, two side by side, which gives 
24 square feet area and 1,140 square feet of surface. 

The general method of computing the size of heater for any given 

building is the same as in the case of indirect heating. First obtain 

the B. T. U. required for ventilation, and to that add the heat loss 

through walls, etc.; and divide the result by the efficiency of the 

heater under the given conditions. 

Example. An audience hall is to be provided with 400,000 cubic feet 
of air per hour. The heat loss through walls, etc., is 253,000 B.T.U. per 
hour in zero weather. What will be the size of heater, and how many rows 
of pipe deep must it be, with 20 pounds steam pressure? 

400,0(X) X 70 ^ 5Q9 Q9Q g rj. jj j^^ ventilation. 
55 
Therefore 250,000 + 509,090 = 759,090 B. T. U., total to be supplied. 
We must next find to what temperature the entering air must 
be raised in order to bring in the required amount of heat, so that the 
number of rows of pipe in the heater may be obtained and its corre- 
sponding efficiency determined. We have entering the room for pur- 
poses of ventilation, 400,000 cubic feet of air every hour, at a tempera- 
ture of 70 degrees; and the problem now becomes: To what tem- 
perature must this air be raised to carry in 250,000 B. T. U. additional 
for warming? 

We have learned that 1 B. T.^ U. will raise 55 cubic feet of air 
1 degree. Then 250,000 B. T. U. will raise 250,000 X 55 cubic 
feet of air 1 degree. 

250,00 X 55 ^ 34 , 
400,000 
The air in this case must be raised to 70 + 34 = 104 degrees, to provide 
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for both ventilation and warming. Referring to Table XXX, we find 
that a heater 12 pipes deep will be required, and that the corre- 
sponding efficiency of the heater will be 1,650 B. T. U. Then * ^ 

J.,oou 

= 460 square feet of surface required. 

Efficiency of Cast-iron Heaters. Heaters made up of indirect 
pin radiators of the usual depth, have an efficiency of at least 1,500 
B. T. U., with steam at 10 pounds pressure, and are easily capable of 
wanning air from zero to 80 degrees or over when computed on this 
basis. The free space between the sections bears such a relation to 
the heating surface that ample area is provided for the flow of air 
through the heater, without producing an excessive velocity. 

The heater shown in Fig. 139 may be counted on for an effi- 
ciency at least equal to that of a pipe heater; and in computing the 
depth, one row of sections may be taken as representing 4 rows of 
pipe. 

Pipe Connections. In the heater shown in Fig. 135, all the 
sections take their supply from a common header, the supply pipe 
connecting with the top, and the return being taken from the lower 
division at the end, as shown. 

In Fig. 137 the base is divided into two parts, one for live steam, 
and the other for exhaust. The supply pipes connect with the upper 
compartments, and the drips are taken off as shown. Separate traps 
should be provided for the two pressures. 

The connections in Fig. 136 are similar to those just described, 
except that the supply and return headers, or bases, are drained 
through separate pipes and traps, there being a slight difference in 
pressure between the two, which is likely to interfere with the proper 
drainage if brought into the i^me one. This heater is arranged to 
take exhaust steam, but has a connection for feeding in live steam 
through a reducing valve if desired, the whole heater being under one 
pressure. 

In heating and ventilating work where a close regulation of 
temperature is required, it is usual to divide the heater into several 
sections,depending upon its size, and to provide each with a valve in the 
supply and return. In making the divisions, special care should be 
taken to arrange for as many combinations as possible. For example, 
a heater 10 pipes deep may be made up of three sections — one of 
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2 rows, and two of 4 rows each. By means of this division, 2, 4, 6, 8, 
or 10 rows of pipe can be used at one time, as the outside weather 
conditions may require. 

When possible, the return from each section should be provided 
with a water-seal two or tkree feet in depth. In the case of overhead 
heaters, the returns, may be sealed by the water-line of the boiler or 
by the use of a special water-line trap; but vertical pipe heaters 
resting on foundations near the floor are usually provided with siphon 
loops extending into a pit. If this arrangement is not convenient, a 
separate trap should be placed on the return from each section. 
The main return, in addition to its connection with the boiler or 



tn/e STCAt^ 




pump receiver, should have a connection with the sewer for blowing 
■ out when steam is first turned on. Sometimes each section is pro- 
vided with a connection of this kind. 

Lai^ automatic air-valves should be connected with each 
section; and it is well to supplement these with a hand pet-cock, 
unless individual blow-off valves are provided as described above. 
If the fan is driven by a steam engine, provision should be made 
for using the exhaust in the heater; and part of the sections should 
be so valved that they may be supplied with either exhaust or live 
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Fig. 140 shows an arrangement in which all of the sections are 
interchangeable. 

From 50 to 60 square feet of radiating surface should be provided 
in the exhaust portion of the heater for each engine horse-power, 
and should be divided into at least three sections, so that it can be 
proportioned to the requirements of different outside temperatures. 

Pipe Sizes. The sizes of the mains and branches may be com- 
puted from the tables already given in Part II, taking into account 
the higher eflSciency of the heater and the short runs of piping. 

Table XXXII, based on experience, has been found to give 
satisfactory results when the apparatus is near the boilers. If the 
main supply pipe is of considerable length, its diameter should be 
checked by the method previously given. 

TABLE XXXII 
Pipe Sizes 



Squartc Feet of Surface 


Diameter of Steam Pipe 


Diameter 


of Return 


150 


2 inches 


li inches 


300 


2i " 


n 




500 


3 


2 




700 


3i " 


2 




1,000 


4 


2i 




2,000 


5 


2i 




3,000 


6 


3 





Heaters of the patterns shown in Figs. 135, 136, and 137 are 
usually tapped at the factory for high or low pressure as desired, 
and these sizes may be followed in making the pipe connections. 

The sizes marked on Fig. 136 may be used for all ordinary work 
where the pressure runs from 5 to 20 pounds; for pressures above 
that, the supply connections may be reduced one size. 

FANS 

There are two types of fans in common use, known as the cen- 
trifugal fan or blower, and the disc fan or propeller. The former 
consists of a number of straight or slightly curved blades extending 
radially from an axis, as shown in Fig. 141. When the fan is in 
motion, the air in contact with the blades is thrown outward by the 
action of centrifugal force, and delivered at the circumference or 
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periphery of the wheel. A partial vacuum is thus produced at the 

center of the wheel, and air from the outside flows in to take the 

place of that which has been discharged. 

Fig. 142 illustrates the action of a centrifugal fan, the arrows 

showing the path of the air. 

This type of fan is usually 

enclosed in a steel -plate 

casing of such form as to 

provide for the free move- 
ment of the air as it es- 
capes from the periphery 

of the wheel. An opening 

in the circumference of the 

casing serves as an outlet 

into the distributing ducts 

which carry the air to the 

various rooms. Another 

tj'pe of centrifugal fan, 

known as the "Conoidal" 

fan, is shown in Fig. 143; 

and a type of "multivane" 

fan, direct-comiected to a steam turbine, is shown in Fig. 144. 

The discharge opening can be located in any position desired, 

either up, down, top horizontal, bottom horizontal, or at any angle. 

_ ^ Where the height of the fan room is 

limited, a form called the thTee-qvarier 
housing may be used, in which the lower 
part of the casing is replaced by a brick 
-I or cemented pit extending below the floor- 
level as shown in Fig. 145. 

Another form of centrifugal fan is 

shown in Fig. 146. This is known as the 

cone fan, and is commonly placed in an 

Tig. ua. uinstratiQg Action opening in a brick wall, and dischai^es air 

of Centrifugal Fan. The , . . . , . hi 

Arrows Show ihe Path ot from its entire pcnphery into a room called 
a flenum chamber, with which the various 
dbtributing ducts connect. 

This fan is often made double by placing two wheels back to 




E^. Hi. Centrltngal Fan or Blower. 
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back and surrounding them with a steel casing. In the conoidal 
fan which is shown in Fig. 143, the casing has been removed. 

Cone fans are particularly adapted to church and schoolhouse 
work, as they are capable of moving large volumes of air at moderate 
speeds, thus providing adequate ventilation without causing an 
influx of cold air. 

Fig. 147 shows a form of small direct-connected exhauster com- 
monly used for ventilating toilet-rooms, chemical hoods, etc. This 
exhauster is driven by an electric motor and is of the up-discharge 
type. 

Centrifugal fans are used almost exclusively for supplying air 
for the ventilation of buildings, and for forced-blast heating. They 
are also used as exhausters for 
removing the air from buildings in 
cases where there is considerable 
resistance due to the small size or 
excessive length of the discharge 
ducts. 

General Proportions. The gen- 
eral form of a fan wheel is shown | 
in Fig. 141, which represents 
single spider wheel with cur\sd 
blades. Those over 4 feet in diam- 
eter usually have two spiders, while 
fans of large size are often provided 
with three or more. The number 
of floats or blades commonly varies 
from six to twelve, depending upon CouTian ■>/ ^"f" a'™"?' comj<any, 
the diameter of the fan. They 

are made both curved and straight; the former, it is claimed, run 
more quietly, but, if curved too much, will not work so well against 
a high pressure as the latter form. 

The relative proportions of a fan wheel vary somewhat in the 
case of different makes.- The following are averages taken from fans 
of different sizes as made by several well-known manufacturers for 
general ventilating and similar work: 

Width of tan at center = Diameter X .52 
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Fans are made both with double and with single inlets, the 
former being called blowers and the latter exkayHera The size of 
a fan is commonly expressed m mches which means the approximate 
height of the casing of a full-housed fan The diameter of the wheel 
is usually expressed m feet, and can be found in any given case by 
dn'ding the size in inches by 20 For example, a 120-inch fan has a 
wheel 120 - 20 = 6 feet m diameter 




Theory of Centrifugal Fans. The action of a fan is affected 
to such an extent by the various conditions under which it operates, 
that it is impossible to give fixed rules for determining the exact 
results to be expected in any particular' instance. This being the 
case, it seems best to take up the matter brie6y from a theoretical 
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standpoint, and then show what corrections are necessary in the 
case of a given fan under actual working conditions. 

There are -various methods for determining the capacity of a 
fan at different speeds, and the power necessary to drive it; each 
maaiufacturer has his own formulae for this purpose, based upon 
tests of his own particular fans. The methods given here apply 
in a general way to fans having proportions which represent the 
average of several standard makes; and the results obtained will be 




found to correspond well with those obtained in practice under 
ordinary conditions. 

As already stated, the rotation of a fan of this type sets in motion 
the air between the blades, which, by the action of centrifugal force, 
is delivered at the periphery of the wheel into the casuig surrounding 
it. As the velocity of flow through the dischai^e outlet depends 
upon the pressure or head within the casing, and this in turn upon 
the velocity of the blades, it becomes necessary to examine briefly 
into the relations existing between these quantities. 
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Pressure. The pressure referred to in connection with a fan, 
is that in the discharge outlet, and represents the force which drives 
the air through the ducts and flues. The greater the pressure with a 
given resistance in the pipes, the greater will be the volume of air 
delivered; and the greater the resistance, the greater the pressure 
required to deliver a given quantity. 

The pressure within a fan casing is caused by the air being 
thrown from the tips of the blades, and varies with the velocity of 
rotation; that is, the higher the speed of the fan, the greater will be 
the pressure produced. Where the dimensions of a fan and casing 
are properly proportioned, the velocity of air-flow through the outlet 
will be the same as that of the tips of the blades, and the pressure 
within the casing will be that corresponding to this velocity. 

Table XXXIII gives the necessary speed for fans of different 
diameters to produce different pressures, and also the velocity of air- 
flow due to these pressures. 

TABLE XXXIII 
Fan Speeds, Pressures, and Velocities of Air-Flow 



M M 

00 o • 

« Z Of 
g POQ 



&o 







Diameter op Fan Whee 


L, IN Feet 






3 


4 


5 


6 


7 


8 


9 


10 






Re 


:V0LUTI01 


srs PER M 


inute 









fc H P4 

o la H 

Mow 



274 


206 


164 


137 


117 


103 


92 


82 


336 


252 


202 


168 


144 


126 


112 


101 


338 


291 


232 


194 


166 


146 


129 


116 


433 


325 


260 


217 


186 


163 


144 


130 



2,585 
3,165 
3,653 
4,084 



The application of this table will be made plain by a brief dis- 
cussion of blast area. 

Blast Area. When the outlet from a fan casing is small, the air 
will pass out with a velocity equal to that of the tips of the blades; and 
the pressure within the casing will be that corresponding to the 
tip velocity. That is, a 3-foot fan wheel revolving at a speed of 274 
revolutions per minute will produce a pressure within the fan casing 
of \ ounce per square inch, and will cause a velocity of flow through 
the discharge outlet of 2,585 feet per minute (see Table XXXIII). 
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' Now, if the opening be slowly increased, while the speed of the fan 
remains constant, the air will continue to flow with the same velocity 
until a certain area of Outlet is reached. If the outlet be still further 
increased, the pressure in the casing will begin to drop, and the 
velocity of outflow become less than the tip velocity. The effective 
area of outlet at the point when this change begins to take place, is 
called the blast area or capacity area of the fan. This varies some- 
what with different types and makes of fans; but for the common 
form of blower, it is approximately J of the projected area of the fan 

opening at the periphery — ^that is, — - — , in which D is the diameter 
of the fan wheel, and w its width at the periphery. It has already 

• 

been stated under "General Proportions" that W = ,52 D, and w = .8 

W\ so that we may write A = = = .14 xv', 

o o 

in which A = the blast area, and D the diameter of the fan. 

As a matter of fact, the outlet of a fan casing is always made 
larger than the blast area; and the result is that the pressure drops 
below that due to the tip velocity, and the velocity of flow through 
the outlet becomes less than that given in the last column of Table 
XXXIII for any given speed of fan. 

Effective Area of Outlet, The size of discharge outlet varies 
somewhat for different makes; but for a large number of fans ex- 
amined it was found to average about 2.22 times the blast area 
as computed by the above method. When air or a liquid flows 
through an orifice, the stream is more or less contracted, depending 
upon the form of the orifice. 

In the case of a fan outlet, the effective area may be taken as about 
.8 of the actual area. This makes the effective area of a fan outlet 
equal to .8 X 2.22 = 1.78 times the blast area. 

Table XXXIV gives the effective areas of fans of different 
diameter as computed by the above method. That is. Effective 
area = .140' X 1.78 = .25D\ 

Speed. We have seen that when the discharge outlet is made 
larger than the blast area, the pressure within the fan casing drops 
below that due to the tip velocity; so that, in order to bring the pres- 
sure up to its original point, the speed of the fan must be increased 
above that given in Table, XXXIII. 

176 



HEATING AND VENTILATION 



167 



TABLE XXXIV 
Effective Areas of Pans 



Diameter of Fan, in Feet 


Efpective Area of Outlet, in 


• 


Square Feet 


3 


2.3 


4 


4.0 


5 


6.3 


6 


9.1 


7 


12.3 


8 


16.0 


9 


20.4 


10 


25.2 



Tests upon a fan of practically the same proportions as those 
previously given, show that, when the effective outlet area is made 
1.78 the blast area, the speed must be increased 1.2 times in order 
to keep the pressure at the same point as when the outlet is equal 
to or less than the blast area. 

Capacity. The capacity of a fan is the volume of air discharged 

in a given time, and is usually expressed in cubic feet per minute. 

It is equal to the effective area of discharge multiplied by the velocity 

of flow through it. 

Example, At what speed must a 6-foot fan be run to maintain a pres- 
sure of J ounce, and what volume of air will be delivered per minute? 

From Table XXXIII we find that a 6-foot fan must run at a 
speed of 194 revolutions per minute to maintain the given pressure 
when the outlet is equal to the blast area, or 194 X 1 .2 = 233 revo- 
lutions per minute under actual conditions. The velocity of flow 
through the outlet at J ounce pressure, is 3j653 feet per minute (Table 
XXXIII) ; and the effective area of outlet of a 6-foot fan is 9 . 1 square 
feet (Table XXXIV). TTierefore the volume of air delivered per 
minute is equal to 9 . 1 X 3,653 = 33,242 cubic feet. 

Example. It is desired to move 52,000 cubic feet of air per 
minute at a pressure of J ounce. What size and speed of fan will 
be required? Looking in Table XXXIII, we find that the velocity 
through the fan outlet for J-ounce pressure is 2,585, which calls for 
an outlet area of 52,000 -J- 2,585 = 20.1 square feet. Looking in 
Table XXXIV, we find this corresponds very nearly to a 9-foot fan, 
which is the size called for. Referring again to Table XXXIII, the 
speed necessary to maintain the required pressure under the given 
conditions is found to be 92 X 12 ^ 110 revolutions per minute. 
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Effect of ResiaiaTice. Thus far it has heen assumed that the 
fan- was discharging into the open air against atmospheric pressure. 
The effect of adding a resistance by connecting it with a series of 
ventilating ducts, is the same as partially closing the discharge outlet. 
Carefully conducted tests upon this type of fan have shown that the 
reduction of air-flow is very nearly in proportion to the reduction 
of the discharge area. That is, if the outlet of the fan is closed to 
one-half its original area, the quantity of air discharged will be prac- 
tically -one-half that delivered by the fan with a free opening. The 
effect of attaching a fan to the ventilating flues of a building like a 
schoolhouse, church, or hall, where the ducts have easy bends and 
where the velocity of air-flow through them is not over 1,000 to 1,200 
leet per minute, is about the same as reducing the outlet 20 per cent. 
For factories with deep heaters and smaller ducts, where the velocity 
runs up to 1,500 or 1,800 feet per minute, the effect is equivalent to 
closing the outlet at least 30 per cent, and even more in very large 
buildings. 

> For schoolhouses and similar work a fan should not be run much 
above the speed necessary to maintain a pressure of f ounce at the 
outlet. Higher speeds are accompanied with greater expenditure of 
power, and are likely to produce a roaring noise or to cause vibration. 
A much lower speed does not provide sufficient pressure to give proper 
control of the air-distribution during strong winds. For factories, 
a higher pressure of f to J ounce is more generally employed. 

Actually the pressure is increased slightly by restricting the out- 
let at constant speed; but this is seldom taken into account in venti- 
lating work, as volume, speed, and power are the quantities sought. 

Example. A school building requires 32,000 cubic feet of air per min- 
ute. What size aDd speed of fan will be required? 

If the resistance of the ducts and flues is equivalent to cutting 
down fhp discharge outlet 20 per cent, we must make the computa- 
tions for a fan which will discharge 32,000 -;- .8 = 40,000 cubic feet 
in free air. 

Looking in Table XXXIII, we find the velocity for |-ounce 
pressure to be 3,165 feet per minute; therefore the size of fan outlet 
jnust be 40,000 -^ 3,165 = 12.6 square feet, which, from Table 
we find corresponds very nearly to a 7-foot fan. 
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Referring again to Table XXXIII, the required speed is found 
to be 144 X 1.2 = 173 revolutions per minute. 

Example, A factory requires 21,000 cubic feet of air per minute for 
wanning and ventilating. What size and speed of fan will be required? 

21,000 -^ .7 = 30,000, the volume to provide for with a fan 
discharging into free air. Assuming a pressure of f ounce, the veloc- 
ity will be 4,084 feet per minute, from which the area of outlet is 
found to be 30,000 -^ 4,084 =7.3 square feet. This, we find, does 
not correspond to any of the sizes given in Table XXXIV. As 
standard fans are not usually made in half-sizes above 5 feet, we 
shall use a 5-foot fan and run it at a higher speed. 

A 5-foot fan has an outlet area of 6.3 square feet, and at f -ounce 
pressure it would deliver 6.3 X 4,084 = 25,729 cubic feet of air per 
minute, at a speed of 260 X 1.2 = 312 revolutions per minute. 
The volume of air delivered by a fan varies approximately as the 
speed; so, in order to bring the volume up to the required 30,000, the 
speed must be increased by the ratio 30,000 -^ 25,729 = 1.16, 
making the final speed 312 X 1.16 = 362 revolutions per minute. 
In the same way, a 6-foot fan could have been used and run at a 
proportionally lower speed. 

Power Required. The work done by a fan in moving air is 
represented by the pressure exerted, multiplied by the distance through 
which it acts. 

Table XXXV gives the horse-power required for moving the 
air which will flow through each square foot of the effective outlet 
area, under different pressures. 

This table gives only the power necessary for moving the air, 
and does not take into consideration the friction of the air in passing 
through the fan, nor that of the fan itself. 

The efficiency of a fan varies with the speed, the size of outlet, 
and the pressure against which the fan is working. Under favorable 
conditions, with properly proportioned fans, we may count on an 
eflSciency of about .35. 

Example. What horse-power will be required to drive an 8-foot fan at 
such a speed as to maintain a pressure of } ounce? 

An 8-foot fan has an outlet area of 16 square feet (Table XXXIV) ; 
and from Table XXXV we find that .5 horse-power is required to 
move the air which will flow through each square foot of outlet under 
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TABLE XXXV 
Power Required for Moving Air under Different Pressures 



Pressure in Ounces per Square Inch 



i 
i 

t 



Horse-Power for Moving Air which will 

Flow through Each Square Foot of 

Effective Outlet Area 



.18 
.33 
.50 
.70 



i-ounce pressure. Therefore the power required to move the air 
alone is 16 X .5 = 8, and the total horse-power is 8 -^ .35 = 23. 

Effect of Resistance. In the above case, it is assumed that the 
fan is discharging into free air. If a resistance is added, the effect 
is the same as partially closing the outlet, and the volume of air 
moved and the horse-power required are both reduced in very nearly 
the same proportion. This reduction, as already stated, may be 
taken as 20 per cent for schoolhouse and similar work, and 30 per 
cent for factories. 

For example, if the fan just considered was to be used for venti- 
lating a schoolhouse, delivering air under a pressure of i ounce, the 
necessary horse-power would be only 23 X .8 = 18.4. If used for 
a factory, delivering air under a pressure of f ounce, the required 

horse-power would be — -^ X .7 =^ 22.3. 

.oO 

General Rules. The methods above described may be briefly 

expressed as follows: 

Capacity — Q = A X v X -F, in which 
Q = Cubic feet of air per minute; 
A = Effective area of fan outlet (Table XXXIV) ; 
V = Velocity of flow through outlet; 

3,165 (f -ounce pressure) for schoolhouses, etc.; 
4,084 (f -ounce pressure) for factories; 
„ _ j .8 for schoolhouses, etc. ; 
1 .7 for factories. 
Speed — Take the speed from Table XXXIII, corresponding to the gives 
pressure and size of fan, and multiply by 1 /? 
A X pX F 



{ 



Horse-Power — H.P. = 



.35 



in which 



H.P. = Horse-power; 
A = Effective area of fan outlet ; 

p = Horse-power to move air which will flow through 1 square foot of fan 
outlet under given pressure (Table XXXV) ; 
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.33 for schoolhouses, etc.; 
.7 for factories. 
.8 for schoolhouses, etc.; 
for factories. 



EXAMPLES 



1. A schoolhouse requires an air-supply of 30,000 cubic feet 
per minute. What will be the required size of fan, its speed, and 
the H. P. of engine to drive it? f 7 ft. in diameter. 

Ans. -< 173 r. p. m. 
L9H.P. 

2. What will be the size and speed of fan, and horse-power of 
engine, to heat and ventilate a factory requiring 1,080,000 cubic feet 
of air per hour? fS ft. in diameter. 

Ans. - 312 r. p. m. 
[^8.8 H. P. 
General Relations. The following general relations between the 
volume, pressure, and power will often be found useful in deciding 
upon the size of a fan : 

(1) The volume of air delivered varies directly as the speed of the fan; 
that is, doubling the number of revolutions doubles the volume of air de- 
livered. 

(2) The pressure varies as the square of the speed. For example, if 
the speed is doubled, the pressure is increased 2X2 = 4 times; etc. 

(3) The power required to run the fan varies as the cube of the speed. 
Thus, if the speed is doubled, the power required is increased 2X2X2 = 8 
times; etc. 

The value of a knowledge of these relations may be illustrated 
by the following example : 

Suppose for any reason it were desired to double the volume of 
air delivered by a certain fan. At first thought we might decide to 
use the same fan and run it twice as fast; but when we come to con- 
sider the power required, we should find that this would have to be 
increased 8 times, and it would probably be much cheaper in the 
long run to put in a larger fan and run it at lower speed. 

Disc or Propeller Fans. When air is to be moved against a very 
slight resistance, as in the case of exhaust ventilation, the disc or pro- 
peller type of wheel may be used. This is shown in different forms 
in Figs. 149 and 150. This type of fan is light in construction, re- 
quires but little power at low speeds, and is easily erected. It may be 
« 
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conveniently placed in the attic or upper story of a building, where 
it may be driven either by a direct- or belt-connected electric motor. 
Fig. 148 shows a fan equipped with a direct-connected motor, and 
Fig. 151 the general arrangement when a belted motor is used. These 
fans are largely used for the ventilation of toilet and smoking rooms, 
restaurants, etc., and are usually mounted in a wall opening, as shown 
in Fig. 151. A damper should always be provided for shutting off 
the opening when the fan is not in use. The fans shown in Figs. 149 
and 150 are provided with pulleys for belt connection. 




Propeller Fan Dlrect-Conneoteil to 



Fans of this kind are often connected with the main yent flues 
of large buildings, such as schools, halls, churches, theaters, etc., 
and are especially adapted for use in connection with gravity heating 
systems. They are usually run by electric motors, and as a rule are 
placed in positions where an engine could not be connected, and also 
in buildings where steam pressure is not available. 

Capacity of Disc Fans. The capacity of a disc fan varies greatly 
with the type and the conditions under which it operates. The rated 
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capacities usually given in catalogues are for fans revolving in free 
air— that is, mounted in an opening without being connected with 
ducts or subjected to other frictional resistance. 

As the capacity and necessary power are so dependent upon the 
resistance to be overcome, it is difficult to give definite rules for 
determining them. The following data, based upon actual testa, 




apply to fans working against a resistance such as would be 
produced by connecting with a system of ducts o! medium length 
through which the air was drawn at a velocity not greater than 600 
or 800 feet per minute. Under these conditions, a good type of fan 
will propel the air in a direction parallel to the shaft a distance equal to 
about .7 of its diameter at each revolution; and from this we have 
the equation: 
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■ .7 DXRXA, 



1 which 



= Cubic feet of air discharged per minute; 
D = Diameter of fan, in feet; 
R = Revolutions per minute; 
A = Area of fan, in equare feet. 

In order to obtain the 
best results, the linear velocity 
of air-flow through the fan 
should range from 800 to 1,200 
feet per minute. 

Table XXXVI gives the 
revolutions per minute for 
fans of different diameter to 
produce a linear velocity of 
1,000 feet, the volume deliv- 
ered at this speed, and the 
horse-power required. 

The horse-power is com- 
puted by allowing .14 H. P. 
for each 1,000 cubic feet of 
air moved, when the velocity 
through the fan is 800 feet 
per minute; .16 H. P. for 
1,000 feet velocity; and .18 H. P. for 1,200 feet velocity. These 
factors are empirical, and based on tests. 




Pig. 150. Propeller Fta -with Wheel on Shaft 




Fig. 1.11. Fan Belt-Conneeced to Motor, 
Example. Assuming a velocity of 800 feet per minute through a 4-foot 
fan, what volume will be delivered per minute, and what speed and boree- 
power will be required? 



HEATING AND VENTILATION 



■"▼Pi 
JLlO 



TABLE XXXVI 
Disc Fans, their Capacity, Speed, etc. 



DiA. OF Fan, in 
Inches 


Rev. per Min. 


Cubic Feet op Air 
Moved 


Horse-Power 
Required 


18 


952 


1,700 


.27 


24 


716 


3,100 


.50 


30 


572 


4,900 


.78 


36 


476 


7,100 


1.2 


42 


408 


9,400 


1.5 


48 


343 


12,000 


1.9 


54 


317 


15,800 


2.5 


60 


286 


19,400 


3.1 


72 


238 


28,300 , 


4.5 



The area of a 4-foot fan is 12.5 square feet; and at 800 velocity 
the volume would be 12.5 X 800 = 10,000 cubic feet. Next solve 
for the speed by the equation Q = ,7D X R X A, which, when 
transposed, takes the form 

.7DXA 

Substituting the known quantities, we have : 

_ 10,000 _ 
^-.7X4X12.5-^^^^ 

The horse-power is 10 X .14 = 1.4. 

Fan Engines. A simple, quiet-running engine is desirable 
for use in connection with a fan or blower. The engine may be either 
horizontal or vertical; and for schoolhouse and similar work, should 
be provided with a large cylinder, so that the required power may 
be developed without carrying a boiler pressure much above 30 
pounds. In some cases, cylinders of such size are used that a boiler 
pressure of 12 or 15 pounds is sufficient. The quantity of steam 
which an engine consumes is of minor importance, as the exhaust can 
be turned into the coils and used for heating purposes. If space 
allows, the engine should always be belted to the fan. Where it is 
direct-connected, as in Fig. 144, there is likely to be trouble from ^ 
noise, as any slight looseness or pounding in the engine will be coni- : 
municated to the air-ducts, and the sound will be carried to the roomi^ 
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above. Figs, 152 and 153 show common fonns of fan engines. The 
latt^ b especially adapted to this putpose, as all bearings are enclosed 






and protected from dust and grit. A horizontal engine for fan use 
. is shown in Fig. 154. 
• ;" In case an engine is belted, the distance between the shafts of 

the fan and engine should not in general be much less than 10 feet 
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for fans up to 7 or 8 feet in diameter, and 12 feet for those of larger 
size. When possible, the tight or driving side of the belt should 
be at the bottom, so that the loose side, coming on top, will tend to 
wrap around the pulleys and so increase the are of contact. 

Motors. Electric motors are especially adapted for use in 
connection with fans. This method of driving is more expensive 



;o Protect Them 



than by the use of an engine, especially if electricity must be pur- 
chased from outside parties; but if the building contains its own 
power plant, so that the exhaust steam can be utilized for heating, 
the convenience and simplicity of motor-driven fans often more than 
offset the additional cost of operation. 
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Direct-connected motors are always preferable to belted, if a 
direct current is available, on account of greater quietness of action. 
This is due both to the slower speed of the motor and to the absence 
of belts. 

Sufficient speed regulation can be obtained with direct-connected 
machines, without excessive waste of energj', by putting a rheostat 
in the motor circuit. 

If a direct current is not available and an alternating current 
must be used, the advantages of electric driving are somewhat 
reduced, as high-speed motors with belts or other reducing gear must 
be employed, and, furthermore, satisfactory speed regulation is not 
easily attainable. 




Area of Ducts and Flues. With the blower type of fan, the size 
of the main ducts may be based on a velocity of 1,200 to 1,500 feet per 
minute; the branches, on a velocity of 1,000 to 1,200 feet per minute, 
and as low as 600 to 800 feet when the pipes are small. Flue veloci- 
tiea of 500 to 700 feet per minute may be used, although the lower 
velocity is preferable. The size of the inlet register should be such 
that the velocity of the entering air will not exceed about 300 feet per 
minute; while, on the other hand, the velocity between the inlet 
windows and the fan or heater should not exceed about 800 feet per 
minute. 

The air-ducts and flues are usually made of galvanized iron, the 
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ducts being run at the basement ceiling. No. 20 and No. 22 inm 
is used for the larger sizes, and No. 24 to No. 28 for the smaller. 

Emulating dampers should 
be placed in the branches lead- • 
ing to each flue, for increasing or 
reducing the air-supply to the 
different rooms. Adjustable de- 
flectors are often placed at the 
fork of a pipe for the same pur- 
pose. One of these is shown in 
Fig. 155. 

Fig. 156 illustrates a com- 
mon arrangement of fan and 

heater where the type of heater p,g.,B5. A<i]usi*ti;>D.a^rPiaceaatPoA 
shown in Fig. 138 is used; and ot Pipe to Reguut* Air-suppij-. 

Fig. 157 is a self-contained apparatus in which the heater is inclosed 
in a steel casing. 

Factory Heating. The application of forced blast for the 
warming of factories and 
shown in Figs. 
158 and 159. The pro- 
portional heating surface 
in this case is generally 
expressed in the number 
of cubic feet in the 
building for each linear 
foot of 1-inch steam 
pipe in the heater. On 
this basis, in factory 
practice, with all of the 
air taken from out of 
doors, there are generally 
allowed from 100 to 150 
cubic feet of space per 
foot of pipe, according as 
exhaust or live steam 
is used, live steam in this case indicating steam of about 80 
pounds pressure. If practically all the air is returned from the 
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buildings to the heater, these figures may be raised to about 140 as a 
minimum, and possibly 200 &s a maximum, per foot of pipe. The 




heaters in Table XXXI may be changed to linear feet of 1 inch pipe 
by multiplying the numbers in column three (sauare feet of surface) 
by three. 
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EXAMPLES FOR PRACTICE 

I. A machine shop 100 feet long by 50 feet wide and having 3 
stories, each 10 feet high, is to be warmed by forced blast, using 




Fig. US. lUnstraCliiK AppUcatloD ot Forced Blast tor Warming a Factory 
exhaust steam in the heater. The air is to be returned to the heater 
from the building, and the whole amount contamed m the building 
is to pass through the heater every 15 minutes. What size of blower 
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will be required, and what will be the H. P. of the engine required to 
run it? How many linear feet of 1-inch pipe should the heater con- 
tain? 

• I 47-foot blower. 

Ans. -j 6 H. p. engine. 
, [ 1,071 feet of pipe. 




Fig. 15^ Centrirugnl Blower Producing Forced BUst tor Heating a Shop. 
2. rind the size of blower, engine, and heater for a factory 
200 feet long, 60 feet wide, and having 4 stories, each 10 feet high, 
using live steam at 80 pounds pressure in the heater, and changing 
the air every 20 minutes by taking in cold air from out of doors. 

{6-foot blower. 
13H. P. engine. 
3,200 feet of pipe. 
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In using this method of computation, judgment must be employed, 
which can come only from experience. The figures given are for 
average conditions of construction and exposure. 

Double-Duct System. The varying exposures of the rooms of 
a school or other building similarly occupied, require that more heat 
shall be supplied to some than to others. Rooms that are on the 
south side of the building and exposed to the sun, may perhaps be 
kept perfectly comfortable with a supply of heat that will maintain 
a temperature of only 50 or 60 degrees in rooms on the opposite side 
of the building which are exposed to high winds and shut oft from the 
warmth of the sun. , 




DUterent Temper- 



With a constant and equal air-supply to each room, it is evident 
that the temperature must be directly proportional to the cooling 
surfaces and exposure, and that no building of this character can be 
properiy heated and ventilated if the temperature cannot be varied 
without affecting the air-supply. 

There are two methods of overcoming this difficulty: 
The older arrangement consists in heating the air by means of a 
primary coil at or near the fan, to about 60 degrees, or to the minimum 
temperature required within the building. From the coil it passes 
to the bases of the various flues, and is there still further heated as 
required, by secondary or supplementary heaters placed at the base of 
each flue. 
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With the second and more recent method, a single heater is 
employed, and all the air is heated to the maximum required to 
maintain the desired temperature in the most exposed rooms, while 
the temperature of the other rooms is regulated by mixing with the 
hot air a sufBcient volume of cold air at the bases of the different flues. 
This result is best accomplished by designing a hot-blast apparatus 
so that the air shall be 
foreed, rather than drawn 
through the heater, and 
by providing a by-pass 
through which it may 
be discharged n ithout 
passing across the heated 
pipes 

The passage for the 
cool air 13 usually above 
and separate from the 
heater pipes as shown m 
Fig 160 Extendmg 
from the apparatus is a 
double system of ducts, 
usually of galvanized 
iron, suspended from the 
ceiling. At the base of 
each fiue is placed a mix- 
ing damper, which is 
controlled by a chain 
from the room above, 
and so designed as to 
admit either a full vol- 
ume of hot air> a full 
volume of cool or 
tempered air, or to mbc them in any desired proportion without 
affecting the resulting total volume delivered to the room, Fig. 166. 
Fig. 162 shows an arrangement of disc fan and heater where the 
air is first drawn through a tempering coil, then a portion of it forced 
through a second heater and into the warm-air pipes, while the 
remainder is by-passed under the heater into the cold-air pipes. 




Fig IBl Mlxins Damper lor Resulatlng TemperaiCui 
"• ' '- ^ppltefl by Double- Duct System. 
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ELECTRIC HEATING 

Unless electricity is produced at a very low cost, it is not com- 
mercially practicable for heating residences or large buildings. The 
electric heater, however, has quite a wide field of application in heating 
small offices, bathrooms, electric cars, etc. It is a convenient method 
of warming rooms on cold mornings in late spring and early fall, 
. when furnace or steam heat is not at hand. It has the special advan- 
tage of being instantly available, and the amount of heat can be regu- 
lated at will. The heaters are perfectly clean, do not vitiate the air, 
and are portable. 

Electric Heat and Energy. The commercial unit for electricity 
is one watt for one hour, and is equal to 3.41 B. T. U. Electricity i.s 
usually sold on the basis of 1,000 watt-hours (called Kilmoatt-hmiTs), 



Fig. 1^ Electric Car-Heater. 

which is equivalent tc 3,410 B. T. U. A watt is the product obtained 
by multiplying a current of 1 ampere by an electromotive force of 1 
volt. 

From the above we see that the B. T. U. required per hour for 
wanning, divided by 3,410, will give the kilowatt-hours necessary for 
supplying the required amount of heat. 

Construction of Electric Heaters. Heat is obtained from the 
electric current by placing a greater or less resistance in its path. 
Various forms of heaters have Ijeen employed. Some of the simplest 
consist merely of coils or loops of iron wire, arranged in parallel rows, 
so that the current can be passed through as many coils as are needed 
to provide the required amount of heat. In other forms, the heating 
material is surrounded with fire-clay, enamel, or asbestos, and in some 
cases the material itself has bpen such as to give considerable resist- 
ance to the current. A form of electric car-heater is shown in Fig. 16?. 
Forms of radiators are shown in Figs. 164 and 16.'). 
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Calculation of Electric Heaters. The formula for the calcu- 
lation of electric heaters 13 
H = P Rtx .24, 
in which 

H — Heat, in calories; 
/ = Current, in amperes; 
R = Resistance, in ohms; 
t = Time, in seconds. 
Examples. What resistance must a 
electric heater have, to give off 6,000 I 
T. U. per hour, with a current of 20 an 
peres ? Pig- '**• Electric Radiator. 

We have learned that 1 B. T. U. = 252 calories; so, in the 
present case, 6,000 X 252 = 1,512,000 calories must be provided. 
Substituting the known values in the formula, we have 
1,512,000 = 20-' X H X 3,600 X .24, 
from which 

„ 1,512,000 , „_ . 

^^.-sisTeor^''-^^"'"^''' 

A heater having a resistance of 3 olims is to supply 3,000 B. T. U. per 
hour. Wliat current will be required 7 

fflSr, 




Pig. IIb. Anotber Form ot Slectric Radiator. 

3,000 X 252 = 756,000 calories. Substituting the known values in 
the formula, and solving for/, we have 

756,000 - f X 3 X 3,6C0 x -24, 
from which 

J = 1/ 291^6 -17 + amperes. 
Connections for Electric Heaters. The method of wiring for 
electric heaters is essentially the same as for lights which require the 
aame amount of current. A constant electromoti\e force or voltage 
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is maintained in the main wire leading to the heaters. A much less 
voltage is carried on the return wire, and the current in passing through 
the heater from the main to the return, drops in voltage or pressure. 
This drop provides the energy which is transformed into heat. 

The principle of electric heating is much the same as that in- 
volved in the non-gravity return system of steam heating. In that 
system, the pressure on the main steam pipes is that of the boiler, 
while that on the return is much less, the reduction in pressure occur- 
ring in the passage of the steam through the radiators; the water of 
condensation is received into a tank, and returned to the boiler by a 
pump. 

In a system of electric heating, the main wires must be suffi- 
ciently large to prevent a sensible reduction in voltage or pressure 
between the generator and the heater, so that the pressure in them 
shall be substantially that in the generator. The pressure or voltage 
in the main return wire is also constant, but very low, and the genera- 
tor has an office similar to that of the steam pump in the system just 
described — that is, of raising the pressure of the return current up 
to that in the main. The power supplied to the generator can be 
considered the same as the boiler in the first case. All the current 
which passes from the main to the return must flow through the heater, 
and in so doing its pressure or voltage falls from that of the main 
to that of the return. 

From the generator shown in Fig. 166, main and return wires 
are run the same as in a two-pipe system of steam heating, and these 
are proportioned to carry the required current without sensible drop 
or loss of pressure. Between these wires are placed the various 
heaters, which are arranged so that when electric connection is made 
they draw the current from the main and discharge it into the return 
wire. Connections are made and broken by switches, which take the 
place of valves on steam radiators. 

Cost of Electric Heating. The expense of electric heating must 
in every case be great, unless the electricity can be supplied at an 
exceedingly low cost. Estimated on the basis of present practice, 
the average transformation into electricity does not account for more 
than 4 per cent of the energy in the fuel which is burned in the furnace. 
Although under best conditions 15 per cent has been reaUzed, it 
would not be safe to assume that in ordinary practice more than 5 
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per cent could be transformed into electrical energy. In heating 
with steam, hot water, or hot air, the average amount utilized will 
probably be about 60 per cent, so that the expense of electrical healing 
is approximately from 12 to 15 times greater than by these methods. 

TEMPERATURE REGULATORS 

The principal systems of automatic temperature control now in 
use, consist of three essential features; First, an air-compressor, 
icservoir, and distributing pipes; second, therinostats, which aie 
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placed in the rooms to be regulated; and third, special diaphragm or 
pneumatic valves at the radiators. 

The air-compressor is usually operated by water-pressure in 
small plants and by steam in larger ones; electricity is used in some 
cases.' Fig. 167 shows a form of water compressor. It is similar 
in principle to a direct-acting steam pump, in which water under 
pressure takes the place of steam. A piston in the upper cylinder 
compresses the air, which is stored in a reservoir provided for the 
purpose. When the pressure in the reservoir drops below a certain 
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point, the compressor is started automatically, and continues to 
operate until the pressure is brought up to its working standard. 

A thermostat is simply a mechanbm for opening and closing 
one or more small valves, and b actuated by changes in the tempera- 



. Alr-Compressor Operalefl byWa- 
-"' — • ' utomatically Controlled. 




and Operating lo Keguli. . . _ 
by CoQirolUng Radlawr Vali 

lUre of the air in which it is placed. Fig. 168 shows a thermostat 
m which the valves are operated by the expansion and contraction 
of the metal strip E. The degree of temperature at which it acts 
may be adjusted by throwing the pointer at the bottom one way or 
tiie other. Fig. 169 shows the same thermostat with its ornamental 
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casing in place. The thermostat shown in Fig. 170 operates on 
a somewhat different principle. It consists of a vessel separated into 
two chambers by a metal diaphragm. 
One of these chambers is partially 
filled with a liquid which will boil 
at a temperature below that desired 
in the room. The vapor of the 
liquid produces considerable pres- 
sure at the normal temperature of 
the room, and a slight increase of 
heat crowds the diaphragm over 
and operates the small valves in a 
manner similar to that of the metal 
strip in the case just described. 

The general form of a dia- 
phragm valve is shown in Fig. 171. 
These replace the usual hand-valves 
at the radiators. They are similar 
in construction to, the ordinary 
globe or angle valve, except that 
the stem slides up and down in- 
stead of being threaded and run- 
ning in a nut. The top of the stem 
connects with a flat plate, which 
rests against a rubber diaphragm. 
The valve is held open by a spring, 
as shown, and is closed by admit- 
ting compressed air to the space 
above the diaphragm. 

In connecting up the system, 
small concealed pipes are carried 
from the air-reservoir to the ther- 
mostat, which is placed upon an 

inside wall of the room, and from Fig is9 Thermostat of pir ifflin 
, 1 I- 1 I Oroameiiial Lrfslng 

there to the diaphragm valve at 

the radiator. When the temperature of the room reaches the maxi- 
mum point for which the thermwitat is set, its action opens a small 
valve and admits air-pressure to the diaphragm, thus closing off the 
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steam from the radiator. When the temperature falb, the thermostat 
acts Id the opposite manner, and shut^ off the air-pressure from the 
diaphn^m valve, at the same time opening a small exhaust which 
allows the air above the diaphragm to escape. The pressure being 
removed, the valve opens and again admits steam to the radiator. 

Diaphragm Motors. Dampers are operated pneumatically in 
a similar manner to steam valves. A diaphragm motor, so called, is 
acted upon by the air-pressure; and this lifts a lever which is property 
connected to the damper by means of chains or levers, thus securing 
the desired movement. 

Dampers. When mixing dampers are operated pneumatically, 
a specially designed thermostat for giving a graduated movement 




I 



Fig- ITO. Tbermoitat OperaCliiK tbrongb ExpaDHlon 



'3qul( 



ion of t!i8 Vapor 



to the damper should be used. By this arrangement the damper 
is held in such a position at all times as to admit the proper proportions 
of hot and cold or tempered air for producing the desired temperature 
in the room with which it is connected. 

Lai^ dampers which are to be operated pneumatically, should 
be made up in sections or louvres. Dampers constructed in this 
manner are handled much more easily than when made in a single 
piece. 

It often happens, in large plants, that there are valves and 
dampers in places which are not easily reached for hand manipula- 
tion. These may be provided with diaphragms and connected with 
the ^r-pressure system for operation by hand-switches or cocks 
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conveniently located at some centra/ point in the basement or boiler 
room 

Telethennomefer This is a device for indicating on a dial 
at some central point the temperature of various rooms or ducts in 
different parts of a building A special transmitter is placed in each 
of the rooms and electrically connected with a central switchboard. 
Then, by means of suitable switches, any room may be thrown in 
circuit with the recorder and the temperature existing in the room 
at that time read from the dial. 
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Humidostat. The kumidostat is a device to be placed in one or 
more rooms of a building for maintaining an even percentage of 
moisture in the air. The apparatus consists of two essential parts — 
the humidostat and the humidifier. The former corresponds to the 
thermostat in a system of temperature control, and operates a pneu- 
matic valve or other mechanism connected with the humidifier when 
the percentage of moisture rises above or falls below certain limits. 
The operating medium is compressed air, the same as for tempera- 
ture control ; and the two devices are usually connected with the same 
sressure system. 
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The normal moisture of a room is 70 per cent, and should never 
exceed that. In cold weather it will be necessary to reduce the 
amount of moisture somewhat, owing to the "sweating" of walls and 
windows. 

The method of moistening the air will depend somewhat upon 
circumstances. If the air for ventilation is delivered to the rooms at 
a temperature not exceeding 70 degrees, the humidifier is best placed 
in the main air-duct. If the air enters at a higher temperature, the 
humidifier must be located in the same room with the humidostat. 

The moistener or humidifier may be of any one of several forms. 
Where steam heating is used, aijd where the steam is clean and odor- 
less and free from oil from engines, a perforated pipe (or pipes) in the 
air-duct is the simplest and best humidifier. The outlets are properly 
adjusted, and then the humidostat shuts off and lets on the steam 
as required. Sometimes a water spray, particularly of warm water, 
may be used in place of steam. When neither steam jet nor water 
spray is advisable, an evaporating pan containing a steam coil may 
be used, the humidostat controlling the steam to the coil, and the 
water-level in the pan being kept constant by means of a ball-cock. 

AIR-FILTERS AND AIR-WASHERS 

In cases where the air for ventilating purposes is likely to contain 
soot or street dust, it is desirable to provide some form of filfer for 
purifying it before delivering to the rooms. If the air-quantity is 
small p,nd there is plenty of room between the inlet windows and 
the fan, screens of light cheesecloth may be used for this purpose. 
The cloth should be tacked to light but substantial wooden frames, 
which can be easily removed for frequent cleaning. These screens are 
usually set up in * 'saw-tooth" fashion in order to give as much sur- 
face as possible in the least space. 

Another arrangement, used in case of large volumes of air, 
is to provide a number of light cloth bags of considerable length, 
through which the air is drawn before reaching the heater. These are 
fastened to a suitable frame or partition for holding them open. The 
great objection to filters of this kind is their obstruction to the passage 
of the air, especially when filled with dust, the frequent intervals at 
which they should be cleaned, and the great amount of filtering sur- 
face required. 

< 
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An apparatus, which is 
coming quite generally into 
use for this purpose, and 
which does away with the 
disadvantages noted above, 
is the spray fUter or air- 
waaher, one form of which 
is shown in Fig, 172. Air 
enters as indicated, and 
first passes through a tem- 
pering coil to raise it above 
the freezing point in win- 
ter weather; then passes 
through the spray-chamber, 
where the dirt is removed; 
then through an eliminator 
for removing the water; 
and then through a second 
heater on its way to the 
fan. 

The water is forced 
through the spray-heads 
by means of a small cen- 
trifugal pump, either belted 
to the fan shaft or driven 
by an independent motor. 

HEATINQ AND 
VENTILATION OF 
VARIOUS CLASSES 
OF BUILDINGS 

The different methods 
used in heating and venti- 
lation; together with the 
manner of computing the 
various proportions of the 
having been 
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taken up, the application of these systems to the difiFerent classes 
of buildings will now be considered briefly. 

School Buildings. For school buildings of small size, the furnace 
system is simple^ convenient, and generally effective. Its use is con- 
fined as a general rule to buildings having not more than six or eight 
rooms. For large ones this method must generally give way to some 
form of indirect steam system with one or more boilers, which occupy 
less space, and are more easily cared for than a number of furnaces 
scattered about in difiFerent parts of the basement. As in all systems 
that depend on natural circulation, the supply and removal of air is 
considerably affected by changes in the outside temperature and by 
winds. 

The furnaces used are generally built of cast iron, this material 
being durable, and easily made to present large and effective heating 
surfaces. To adapt the larger sizes of house-heating furnaces to 
schools, a much larger space must be provided between the body and 
the casing, to permit a sufficient volume of air to pass to the rooms. 
The free area of the air-passage should be sufficient to allow a velocity 
of about 400 feet per minute. 

The size of furnace is based on the amount of heat lost by radia- 
tion and conduction through walls and windows, plus that carried 
away by air passing up the ventilating flues. These quantities may 
be computed by the usual methods for "loss of heat by conduction 
through walls/' and "heat required for ventilation." With more 
regular and skilful attendance, it is safe to assume a higher rate of 
combustion in schoolhouse heaters than in those used for warming 
residences. Allowing a maximum combustion of 6 pounds of coal 
per hour per square foot of grate, and assuming that 8,000 B. T. U. 
per pound are taken up by the air passing over the furnace, we have 
6 X 8,000 = 48,000 B. T. U. furnished per hour per square foot of 
grate. Therefore, if we divide the total B. T. U. required for both 
warming and ventilation by 48,000, it will give us the necessary grate 
surface in square feet. It has been found in practice that a furnace 
with a firepot 32 inches in diameter, and having ample heating surface, 
is capable of heating two 50-pupil rooms in zero weather. The sizes 
of ducts and flues may be determined by rules already given under 
furnace and indirect steam heating. 

The velocity of the warm air within the uptake flues depends 
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upon their height and the difference in temperature between the 
wann air within the flues and the cold air outside. The action of 
the wind also affects the velocity of air-flow. It has been found by 
experience that flues having sectional areas of about 6 square feet for 
first-floor rooms, 5 square feet for the second floor, and 4^ square feet 
for the third, will be of ample size for standard classrooms seating 
from 40 to 50 pupils in primary and grammar schools. These sizes 
may be used for both furnace and indirect gravity steam heating. 

The vent flues may be made 5 square feet for the first floor, and 
6 square feet for the second and third floors. They may be ar- 
ranged in banks, and carried through the roof in the form of large 
chimneys, or may be carried to the attic space and there gathered 
by means of galvanized-iron ducts connecting with roof vents of 
wood or copper construction. 

In order to make the vent flues "draw" suflSciently in mild or 
heavy weather, it is necessary to provide some means for warming 
the air within them to a temperature somewhat above that of the 
rooms with which they connect. This may be done by placing a 
small stove made specially for the purpose, at the base of each flue. 
If this is done, it is necessary to carry the air down and connect with 
the flue just below the stove. 

The cold-air supply duct to each furnace should be made f 
the size of all the warm-air flues if free from bends, or the full 
size if obstructed in any way. 

The inlet and outlet openings from the rooms into the flues, are 
commonly provided with grilles of iron wire having a mesh of 2 to 2^ 
inches. Both flat and square wire are used for this purpose. Mixing 
dampers for regulating the temperature of the rooms should be pro- 
vided for each flue. The effectiveness of these dampers will depend 
largely upon their construction; and they should be made tight 
against cold-air leakage, by covering the surfaces or flanges against 
which they close with some form of asbestos felting. Both inlet and 
outlet gratings should be provided with adjustable dampers. One of 
the disadvantages of this system is the delivery of all the heat to the 
room from a single point, and this not always in a position to give the 
best results. The outer walls are thus left unwarmed, except as the 
heat IS diffused throughout the room by air-currents. When there is 
considerable glass surface, as in most of our modern schoolrooms, 
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draughts and currents of cold air are ifrequently found along the out- 
side walls. 

The indirect gravity system of steam heating comes next in cost 
of installation. One important advantage of this system over furnace 
heating comes from the ability to place the heating coils at the base 
of the flues, thus doing away with horizontal runs of air-pipe, which 
are required to some extent in furnace heating. The warm-air 
currents in the flues are less affected by variations in the direction and 
force of the wind where this construction is possible, and this is of 
much importance in exposed locations. 

The method of supplying cold air to the coils or heaters is im- 
portant, and should be carefully worked out. The supply should be 
taken from at least two sides of the building, or, if possible, from all 
four sides. When it is taken from four sides, each inlet should be 
made large enough to supply one-half the amount, or, in other words, 
any two should give the total quantity required. It is often possible 
to arrange the flues in groups so that all the heating stacks may be 
placed in two or more cold-air chambers, depending upon the size 
of the building. A cold-air trunk line may be run through the center 
of the basement, connecting with the outside on all four sides, and 
having branches supplying each cold-air chamber. 

Cast-iron pin-radiators are particularly adapted to this class 
of work. 

The School-Pin, having a section about 10 inches in depth and 
rated at 15 square feet of heating surface per section, is used quite 
extensively for this purpose. Stacks containing about 240 square 
feet of surface for southerly rooms, and 260 for those having a north- 
erly exposure, have been found ample for ordinary conditions in zero 
weather. 

A very satisfactory arrangement is the use of indirect heaters 
for warming the air needed for ventilation, and the placing of direct 
radiation in the rooms for heating purposes. The general construc- 
tion of the indirect stacks and flues may be the same; but the heating 
surface can be reduced, as the air in this case must be raised only to 
70 or 75 degrees in zero weather, the heat to offset that lost by con- 
duction, etc., through walls and windows being provided by the 
direct surface. The mixing dampers may be omitted, and the tem- 
perature of the room regulated by opening or closing the steam valves 
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on the direct coils, which should be done automatically. The direct- 
heating surface, which is best made up of lines of 1 J-inch pipe, should 
be placed along the outer walls beneath the windows This supplies 
heat where most needed, and does away with the tendency to draughts. 
In mild weather, during the spring' and fall, the indirect heaters may 
prove sufficient for both ventilation and warming. 

Where direct radiation is placed in the rooms, the quantity of 
heat supplied is not affected by varying wind conditions, as is the 
case in indirect heating. Although the air-supply may be reduced 
at times, the heat quantity is not changed. Direct radiation has the 
disadvantage of a more or less unsightly appearance, and architects 
and owners often object to the running of mains or risers through 
the rooms of the building. Air-valves should always be provided 
with drip connections carried to a sink or dry well in the basement. 

When circulation coils are used, a good method of drainage is 
to carry separate returns from each coil to the basement, and to place 
the air-valves in the drops just below the basement ceiling. A check- 
valve should be placed below the water-line in each return. 

The gravity system has the fault of not supplying a uniform 
quantity of air under all conditions of outside temperature, the same 
as a furnace, but when properly arranged, may be made to give quite 
satisfactory results. 

The fan or blower system for ventilation, with direct radiation 
in the rooms for warming, is considered to be one of the best possible 
arrangements. 

In designing a plant of this kind, the main heating coil should 
be of sufficient size to warm the total air-supply to 70 or 75 degrees 
in the coldest weather, and the direct surface should be proportioned 
for heating the building independently of the indirect system. Auto- 
matic temperature regulation should be used in connection with 
systems of this kind, by placing pneumatic valves on the direct radia- 
tion. It is customary to carry from 3 to 8 pounds pressure on the 
direct system, and from 8 to 15 pounds on the main coil, depending 
upon the outside temperature. The foot-warmers, vestibule, and 
office heaters should be placed on a separate line of piping, with 
separate returns and trap, so that they can be used independently 
of the rest of the building if desired. Where there is a large assembly 
hull U should be arranged so that it can be both warmed and venti- 
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lated when the rest of the building is shut off. This can be done by a 
proper arrangement of valves and dampers. 

When different parts of the system are run on different pressures, 
the returns from each should discharge through separate traps into 
a receiver having connection with the atmosphere by means of a vent 
pipe. Fig. 173 shows a common arrangement for the return con- 
nections in a combination system of this kind. The different traps 
discharge into the vented receiver as shown; and the water is pumped 
back to the boiler automatically when it rises above a given level in 
the receiver, a pump governor being used to start and stop the pumps 
as required. 

A water-level or seal of suitable height is maintained in the main 
returns, by placing the trap at the required elevation and bringing 
the returns into it near the bottom; a balance pipe is connected with 
the top for equalizing the pressure, the same as in the case of a pump 
governor. Sometimes a fan is used with the heating coils placed at 
the base of the flues, instead of in the rooms. Where this is done 
the radiating surface may be reduced about one-half. This system 
is less expensive to install, but has the disadvantage of removing the 
heating surface from the cold walls, where it is most needed. 

With a blower type of fan, the size of the main ducts may be 
based on a velocity of from 1,000 to 1,200 feet per minute, and the 
branches on a velocity of 800 to 1,000 feet per minute. 

The velocity in the vertical flues may be from 600 to 700 feet per 
minute, although ihe lower velocity is preferable. 

The size of the inlet registers should be such that the velocity 
of the entering air will not exceed 350 to 400 feet per minute. 

When the air is delivered through a register at the high velocities 
mentioned, some means must be provided for diffusing the entering 
current, in order to prevent disagreeable draughts. This is usually 
accomplished by the use of deflecting blades of galvanized iron, set 
in a vertical position and at varying angles, so that the air is thrown 
towards each side as it issues from the register. The size of the 
vent flues should be about the same as for a gravity system — ^that is, 
about 6 square feet for a standard classroom, and in the same pro- 
portion for smaller rooms. 

Vent-flue heaters are not usually required in connection with a 
fan system, as the force of the fan is sufficient to supply the required 
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quantity of air at all times without the aspirating effect of the vent 
flues. 

The method of piping shown in Fig. 173 applies especially to 
buildings of large size. In the case of medium-sized buildings, it 
is often possible to use pin radiation for the main heater, placing the 
same well above the water-line of the boilers and thus returning the 
condensation by gravity, without the use of pumps or traps. When 
this arrangement is used, an engine with a large cylinder should be 
employed, so that the steam pressure will not exceed 15 or 18 pounds, 
and the whole system, including the direct surface, may be run upon 
the same system. 

This is a very simple arrangement, and is adapted to all build- 
ings of small and medium size where the heater can be placed at a 
sufficient height above the boilers. 

Temperature control is usually secured automatically by placing 
pneumatic valves upon either the direct or supplementary heaters. 
Mixing dampers are sometimes used instead, in the latter case. Every 
fan system should be provided with a thermometer of large size for 
indicating the temperature of the air in the main duct just beyond 
the fan. 

The ventilation of the toilet-rooms of a school building is a 
matter of the greatest importance. The first requirement is that the 
air-movement shall be into these rooms from the corridors instead of 
outward. To obtain this result, it is necessary to produce a slight 
vacuum within, and this cannot well be done if fresh air is forced 
into them. 

One of the most satisfactory arrangements is to provide exhaust 
ventilation only, and to remove the greater part of the air through 
local vents connecting with the fixtures. 

Hospitals* The best system for heating and ventilating a hos- 
pital depends upon the character and arrangement of the buildings. 
It is desirable in all cases to do the heating from a central plant, 
rather than to carry fires in the separate buildings, both on account 
of economy and for cleanliness. 

In the case of small cottage hospitals with two or three buildings 
placed close together, indirect hot water affords a desirable system for 
the wards, with direct heat for the other rooms; but where there are 
several buildings, and especially if they are some distance apart^ it 
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becomes necessary to substitute steam unless the water is pumped 
through the mains. For large city buildings, a fan system is always 
desirable. 

If the building is tall compared with its ground area, so that 
the horizontal supply ducts will be comparatively short, the double- 
duct system may be used with good results. Where the rooms are 
of good size, and the number of supply flues not great, the use of 
supplementary heaters at the bases of the flues makes a satisfactory 
arrangement. Direct radiation should never be used in the wards 
when it can be avoided, even in connection with an independent air- 
supply, as it offers too great an opportunity for the accumulation of 
dust in places which are difficult to reach. 

It is common to provide from 80 to 100 cubic feet of air per 
minute per patient in ordinary wards, and from 100 to 120 cubic feet 
in contagious wards. 

The usual ward building of a modern cottage-hospital generally 
contains a main ward having from 8 to 12 beds, and a number of 
private rooms of one bed each. 

In addition to these, there are a diet kitchen, duty-room, toilet- 
rooms, bathrooms, linen-closets, and lockers. 

For moderately sheltered locations, 30 square^ feet of indirect 
steam radiation has been found sufficient in zero weather for a single 
ward with one exposed wall and a single window, when upon the 
south side of the building. 

For northerly rooms, 40 square feet should be used. In exposed 
locations, the heaters may be made 40 and 50 square feet for north 
and south rooms respectively. The standard pin-radiators rater', at 
10 square feet of heating surface per section, are commonly used for 
this purpose. In case hot water is used, the same number of sections 
of the deep-pin pattern rated at 15 square feet each may be employed, 
making a total of 45 and 60 square feet per room. For comer rooms 
having two exposed walls and two windows, the amount of radiation 
should be increased about 50 per cent over that given above. 

The wards are usually furnished with fireplaces which provide 
for the discharge ventilation. In case the fireplaces are omitted, a 
• special vent flue, either of brick or of galvanized iron, should be pro- 
vided. These should not be less than 8 by 12 inches for single wards, 
and the equivalent for each bed in a large ward. Each flue of this 
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kind should have a loop of steam pipe for producing a draught. A 
loop of 1-inch pipe, 10 or 12 feet in height, is usually suflScient for 
this purpose. 

Other rooms than wards are usually heated with direct radia- 
tors, the sizes of which may be computed in the same manner as for 
dwelling-houses. 

Steam tables for the kitchen, sterilizers, and laundry machinery, 
require higher pressures than is necessary for heating. 

In large plants the boilers are usually run at high pressure, and 
the pressure reduced for heating. A good arrangement for small 
plants is to provide sufficient boiler power for warming and ventilating 
purposes, and run at a pressure of 3 to 5 pounds. In addition to 
this, a small high-pressure l^oiler carrying 70 or 80 pounds should be 
furnished for laundry work and water heating. 

Churches. Churches may be warmed by furnaces, by indirect 
steam, or by means of a fan. For small buildings the furnace is 
more commonly used. This apparatus is the simplest of all and is 
comparatively inexpensive. Heat may be generated quickly, and 
when the fires are no longer needed, they may be allowed to go out 
without danger of damage to any part of the system from freezing. 

It is not usually necessary that the heating apparatus be large 
enough to warm the entire building at one time to 70 degrees with 
frequent change of air. If the building is thoroughly warmed before 
occupancy, either by rotation or by a slow inward movement of 
outside air, the chapel or Sunday-school room may be shut off until 
near the close of the service in the auditorium, when a portion of the 
warm air may be turned into it. When the service ends, the switch- 
damper is opened wide, and all the air is discharged into the Sunday- 
school room. The position of the warm-air registers will depend 
somewhat upon the construction of the building, but it is well to keep 
them near the outer walls and the colder parts of the room. Large 
inlet registers should be placed in the floor near the entrance doors, 
to stop cold draughts from blowing up the aisles when the doors are 
opened, and also to be used as foot-warmers. 

Ceiling ventilators are generally provided, but should be no 
larger than is necessary to remove the products of combustion from* 
the gaslights, etc. If too large, much of the warmest and purest 
air will escape through them. The main vent flues should be placed 
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in or near the floor and should be connected with a vent shaft leading 
outboard. This flue should be provided with a small stove or flue 
heater made specially for this purpose. In cold weather the natural 
draught will be found sufficient in most cases. 

The same general rules are to be followed in the case of 
indirect steam as have been described for furnace heating. The 
stacks are placed beneath the registers or flues, and mixing dampers 
provided. If there are large windows, flues should be arranged to 
open in the window-sills, so that a sheet of warm air may be delivered 
in front of the windows, to counteract the effects of cold down-draughts 
from the exposed glass. These flues may usually be made 3 or 4 
inches in depth, and should extend the entire width of the window. 
Small rooms, such as vestibules, library, pastor's room, etc., are usually 
heated with direct radiators. Rooms which are used during the 
week are often connected with an independent heater so that they 
may be warmed without running the large boilers, as would otherwise 
be necessary. 

When a fan is used, it is desirable, if possible, to deliver the air 
to the auditorium through a large number of small openings. This 
is often done by constructing a shallow box under each pew, running 
its entire length, and connecting it with the distributing ducts or a 
plenum space by means of a pipe from below. The air is delivered 
at a low velocity through a long slot, as shown in Fig. 174. 

The warm-air flues in the window-sills should be retained, but 
may be made shallower, and the air forced in at a high velocity. 

If the auditorium has a sloping floor, a plenum space may be 
provided between the upper or raised portion and the main floor. 
Sometimes a shallow basement 3 or 4 feet in height, with a cemented 
floor, and extending under the entire auditorium, is used as an air 
or plenum space. 

If the basement is of good height and used for storage or other 
purposes, it is necessary to carry galvanized-iron ducts at the ceiling 
under the center of each double row of pews, and to connect with 
each pair by means of branch uptakes. The size of these should 
be equal to 3 or 4 square inches for each occupant. 

Another method is to supply the air through a small register in 
the end of each pew. This simplifies the pew construction some« 
what^ but otherwise is not so satisfactory as the preceding method. 
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If the special pew construction is too expensive, or for any other 
reason cannot well be used, and the fan is to be retained, the greater 
part of the air is best introduced through wall registers placed about 
8 feet above the floor, with exhaust openings at or near the floor^ 
By this arrangement the air is thrown horizontally toward the center 
of the church, and much of it falls to the breathing level without 
rising to the upper part of the room. 

Halls. The treatment of a large audience hall is similar to that 
of a church, the warming being usually done in one of the three ways 
already described. Where a fan is used, the air is commonly delivered 

through wall registers placed in 
part near the floor, and partly at a 
height of 7 or 8 feet above it. They 
should be made of ample size, 
so that there will be freedom from 
draughts. A part of the vents 
jr^ p=*=^^====«^y should be placed in the ceiling, 

t * "^ '^j and the remainder near the floor. 

All ceiling vents, in both halls and 
churches, should be provided with 
dampers having means for hold- 
ing them in any desired position. 
If indirect gravity heaters are 
used, it will generally be necessary 
to place heating coils in the vent 
flues for use in mild weather; but 
if the fresh air is supplied by 
means of a fan, there will usually be 
pressure enough in the room to force the air out without the aid of 
other means. When the vent air-ways are restricted, or the air i^ 
impeded in any way, electric ventilating fans are often used. These 
give especially good results in warmer weather, when natural venti- 
lation is sluggish. The temperature may be regulated either by 
using the double-duct system or by shutting off or turning on a greater 
or less number of sections in the main heater. After an audience 
hall is once warmed and filled with people, very little heat is required 
to keep it comfortable, even in the coldest weather. 

Theaters. Ip designing heating and ventilating systems for 




Fig. 174. An Approved Method of De- 
livering Warm Air to the Audi- 
torium of a Church. 
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theaters, a wide experience and the greatest care are necessary to 
secure the best results. A theater consists of three parts: the body 
of the house, or auditorium; the stage and dressing-rooms, and the 
foyer, lobbies, corridors, stairways, and oflSces. Theaters are usually 
located in cities, and surrounded with other buildings on two or more 
sides, thus allowing no direct connection by windows with the ex- 
ternal air; for this reason artificial means are necessary for providing 
suitable ventilation, and a forced circulation by means of a fan is the 
only satisfactory means of accomplishing this. It is usually advisable 
to create a slight excess of pressure in the auditorium, in order that 
all openings shall allow for the discharge rather than the inward 
leakage of air. 

The general and most approved method of air-distribution is 
to force it into closed spaces beneath the auditorium and balcony 
floors, and allow it to discharge upward through small openings 
among the seats. One of the best methods is through chair-legs 
of special latticed design, which are placed over suitable openings in 
the floor; in this way the air is delivered to the room in small streams, 
at a low velocity, without draughts or currents. The discharge 
ventilation should be largely through ceiling vents, and this may be 
assisted if necessary by the use of ventilating fans. Vent openings 
should also be provided at the rear of the balconies, either in the wall 
or in the ceiling, and these should be connected with an exhaust fan 
either in the basement or in the attic, as is most convenient. 

The close seating of the occupants produces a large amount of 
animal heat, which usually increases the temperature from 6 to 10 
degrees, or even more; so that, in considering a theater once filled 
and thoroughly wanned, it becomes more of a question of cooling 
than one of warming to produce comfort. 

The dressing-rooms should be provided with a generous supply 
of fresh air, sufficient to change the entire contents once in 10 minutes 
at least, and should have discharge flues of sufficient size to cany 
away this amount of air at a velocity not exceeding 300 feet per 
minute, unless connected with an exhaust fan, in which case the 
velocity may be doubled. The foyer, corridors, dressing-rooms, 
etc., are generally heated by direct radiators, which may be con- 
cealed by ornamental screens if desired. 

Office Buildings. This class of buildings may be satisfactorily 
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warmed by direct steam, hot water, or, where ventilation is desired, 
by the fan system. Probably direct steam is used more frequently 
than any other system for this purpose. Vacuum systems are well 
adapted to the conditions usually found in this type of building, 
as most modern oflSce buildings have their own light and power 
plants, and the exhaust steam can thus be utilized for heating pur- 
poses. The piping may be either single or double. If the former 
is used, it is better to carry a single main riser to the upper story, and 
run drops to the basement, as by this means the steam and water 
flow in the same direction, and much smaller pipes can be used than 
would be the case if risers were carried from the basement upward. 

Special provision must be made for the expansion of the risers or 
drops in tall buildings. They are usually anchored at the center, 
and allowed to expand in both directions. The connections with the 
radiators must not be so rigid as to cause undue strains or to lift the 
radiators from the floor. 

It is customary, in most cases, to make the connections with 
the end farthest from the riser; this gives a length ofhorizontal pipe 
which has a certain amount of spring, and will care for any vertical 
movement of the riser that is likely to occur. Forced hot-water 
circulation is often used in connection with exhaust steam. The 
water is warmed by the steam in large heaters similar to feed-water 
heaters and is circulated through the system by means of centrifugal 
pumps. This has the usual advantage of hot water over steam, 
inasmuch as the temperature of the radiators may be regulated to 
suit the conditions of outside temperature. 

When a fan system is used the arrangement of the air-ways is 
usually somewhat different from any of those yet described. Owing 
to the great height of these buildings, and the large number of small 
rooms which they contain, it is impossible to carry up separate flues 
from the basement. One of the best arrangements is to construct 
false ceilings in the corridor-ways on each floor, thus forming air- 
ducts which may receive their supply through one or more large up- 
takes extending from the basement to the top of the building. These 
corridor air-ways may be tapped over the door of each room, the 
openings being provided with suitable regulating dampers for gauging 
the air-supply to each. Adjustable deflectors should be placed in 
the main air-shafts for proportioning the quantity to be delivered 
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to each floor. If both supply and discharge ventilation are to be 
provided, the fresh air may be carried in galvanized-iron ducts within 
the ceiling spaces, and the remainder used for conveying the exhausted 
air to uptakes leading to a discharge fan placed upon the roof of 
the building. In both of these cases, it is assumed that heat is sup- 
plied to the rooms by direct radiation, and that the air-supply is for 
ventilation only. 

Apartment Houses. These are warmed by furnaces, direct 
steam, and hot water. Furnaces are more often used in the smaller 
houses, as they are cheaper to install, and require a less skilful at- 
tendant to operate them. Steam is probably used more than any 
other system in blocks of larger size. A well-designed single-pipe 
connection, with automatic air-valves dripped to the basement, is 
probably the most satisfactory in this class of work. People who 
are more or less unfamiliar with steam systems are apt to overlook 
one of the valves in shutting off or turning on steam; and where only 
one valve is used, the diflSculty arising from this is avoided. Where 
pet-cock air-valves are used, they are often left open through careless- 
ness; and the automatic valves, unless dripped, are likely to give more 
or less trouble. 

Greenhouses and Conservatories. Buildings of this class are 
heated in some cases by steam and in others by hot water, some florists 
preferring one and some the other. Either system, when properly 
designed and constructed, should give satisfaction, although hot 
water has its usual advantage of a variable temperature. The 
methods of piping are, in a general way^ like those already described, 
and the pipes may be located to run underneath the beds of growing 
plants or above, as bottom or top heat is desired. The main is gen- 
erally run near the upper part of the greenhouse and to the farthest 
extremity, in one or more branches, with a pitch upward from the 
heater for hot water and with a pitch downward for steam. The 
principal radiating surface is made of parallel lines of 1^ inch or 
larger pipe, placed under the benches and supplied by the return 
current. Figs. 175, 176, and 177 show a common method of running 
the piping in greenhouse work. Fig. 175 shows a plan and eleva- 
tion of the building with its lines of pipe; and Figs. 176 and 177 give 
details of the pipe connections of the outer and inner groups of pipes 
respectively. 
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Any system of piping which gives free circulation and which is 
Adapted to the local conditions, should give satbfactory results. The 
radiating surface may be computed from the rules already given. 
As the average greenhouse is composed almost entirely of glass, we 





, w 






Hi»/ 


UJ 1- 






ff 










Sbowlng Oue UBthod of Kimnlng Piping In a Oreenbouse 



may for purposes of calculation consider it such; and if we divide 
the total exposed surface by i, we shall get practically the same 
result as if we assumed a heat loss of 85 B. T. U. per square foot of 
surface per hour, and an efficiency of 330 B. T. U. for the heating 
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coils; so that we may say, in general, that the square feet of radiating 
surface required equals the total exposed surface, divided by 4 for 
steam coils, and by 2.5 for hot-water. These results should be in- 
creased from 10 to 20 per cent for exposed locations. 

CARE AND MANAQEMENt 

The care of furnaces, hot-water heaters, and steam boilers has 
been discussed in connection with the design of these different systems 
of heating, and need not be repeated. The management of the 
heating and ventilating systems in large school buildings is a matter 
of much importance, especially in those using a fan system. To obtain 
the best results, as much depends upon the skill of the operating 
engineer as upon that of the designer. 

Beginning in the boiler-room, he should exercise special care 
in the management of his fires, and the instruction given in "Boiler 
Accessories" should be carefully followed; all flues and smoke 
passages should be kept clear and free from accumulations of soot 
and ashes by means of a brush or steam jet. Pumps and engine should 
be kept clean and in perfect adjustment, and extra care should be 
taken when they are in rooms through which the air-supply is drawn, 
or the odor of oil will be carried to the rooms. All steam traps should 
be examined at regular intervals to see that they are in working order; 
and upon any sign of trouble, they should be taken apart and care- 
fully cleaned. 

The air-valves on all direct and indirect radiators should be 
inspected often; and upon the failure of any room t^ heat properly, 
the air-valve should first be looked to as a probable cause of the diflS- 
culty.. Adjusting dampers should be placed in the base of each flue, 
so that the flow to each room may be regulated independently. In 
starting up a new plant, the system should be put in proper balance 
by a suitable adjustment of these dampers; and, when once adjusted, 
they should be marked, and left in these positions. The temperature 
of the it)oms should never be regulated by closing the inlet registers. 
These should never be touched unless the room is to be unused for 
a day or more. 

In designing a fan system, provision should be made for air- 
rotaticfn; that is, the arrangement should be such that the same 
air may be taken from the building and passed through the fan ana 
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Fig. 176. Connections of Outer Groups of Pipes of Greenhouse Shown in Fig. 175. 





Fig. 177. Connections of Inner Groups of Pipes of Greenhouse Shown in Fig. 17S. 
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heater contintiously. This is usually accomplished by closing the 
main vent flues and the cold-air inlet to the building, then opening the 
class-room doors into the corridor-ways, and drawing the air down 
the stair-wells to the basement and into the space back of the main 
heater through doors provided for this purpose. In wanning up a 
building in the morning, this should always be done until about 
fifteen minutes before school opens. The vent flues should then be 
opened, doors into corridors closed, cold-air inlets opened wide, and 
the full volume of fresh air taken from out of doors. 

At night tim,e the dampers in the main vents should be closed, 
to prevent the wann air contained in the building from escaping. 
The fresh air should be delivered to the rooms at a temperature of 
from 70 to 75 degrees; .and this temperature must be obtained by 
proper use of the shut-off valves, thus running a greater or less number 
of sections on the main heater. A little experience will show the 
engineer how many sections to carry for different, degrees of outside 
temperature. A dial thermometer should be placed in the main 
warm-air duct near the fan, so that the temperature of the air delivered 
to the rooms can be easily noted. 

The exhaust steam from the engine and pumps should be turned 
into the main heater; this will supply a greater number of secti9ns 
in mild weather than in cold, owing to the less rapid con- 
densation. 
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The sheet-metal worker of today who wishes to succeed uiu^c 
know far more than was necessary years ago. There are muuy 
good, practical sheet-metal workers in the trade who are handi- 
capped because they are unable to lay out the patterns that arise 
in their daily work. Notwithstanding the introduction of labor- 
saving machinery, the demoad for good workmen has increased. 
While most sheet-metal workers acquire practical knowledge in the 
shop, they lack the technical education necessary to enable them to 
become proficient as pattern cutters and draftsmen. In this 
course, special attention is given to the fundamental principles 
tnat underUe the art and science of pattern drafting. 

Practical workshop problems will be presented, such as arise 
in everyday practice, thus giving the student the practical 
experience that usually comes only after long association with the 
trade. 

CONSTRUCTION. 

In constructing the various articles made from sheet metal, 
various gauges or thicknesses of metal are used. For all gauges 
from No. 20 to No. 30 inclusive, we assume in the development 
of the pattern, that we are dealing with no thickness, and we make 
no allowance for bending or rolling in the machine. But where 
the metal is of heavier gauge than No. 20, allowance must be made 
for shrinkage of the metal in the bending and rolling operations, 
which will be explained in connection with development in heavy 
sheet-metal work. Certain instructions for wiring, seaming, and 
transferring patterns are not given here as they more properly belong 
to tinsmithing work. It is sometimes the case that the capacity of a 
vessel or article must be determined, when the rules given in 
Mensuration should be followed. When figuring on sheet-metal 
work, the specifications sometimes call for various metals, such as 
galvanized sheet iron or steel, planished iron, heavy boiler plate, 
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band iron, square or ronnd rods for hracing, etc., zinc, copper, or 
brass; and the weight of the metal must often be calculated together 
with that of stiffening rods, braces, etc. On this account it is 
necessary to have tables which can be consulted for the various 
weights. 

TABLES. 

There is a wide difference between gauges in use, which is 
very annoying to those who use sheet metal rolled by different 
firms according to the various gauges adopted. It would be well 
to do away with gauge numbers, and use the micrometer caliper 
shown in Pig. 1, which determines the thickness of the metal by the 
decimal or fractional parts of an inch. 




Pig.L 

This is the most satisfactory method for the average mechanic 
who works sheet metal manufactured by firms using different 
gauges. The tables on pages 61 to 74 can be consulted whan 
occasion arises. 

SHOP TOOLS. 

In allowing edges for seaming and wiring, we must bear in 
mind that when a seam is to be grooved by hand or machine the 
allowance to be made to the pattern should conform to the rolls in 
the machine or the hand tools in use. The edges of the pattern 
are usually bent on the sheet-iron folder, or brake, while the seam 
can be seamed or grooved with the hand groover or giant grooving 
machine. Where roimd pipe work is done in lengths up to 3 feet, 
the slip roll former is used, while square or rectangular pipes are 
bent up on the brake in 8-foot lengths. Where pipes, elbows. 
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stove bodies, furnace shells, metal dmms, etc., are made, the sheets 
are cut square on the large squaring shears, rolled, grooved, and 
stiffened, by beading both ends in the beading machine, using 
ogee rolls. There is also a special machine for seaming the cross 
seams in furnace pipes, also a set of machines for the manufacture 
of elbows used in sheet-metal work. As before mentioned, if these 
machines are at hand, it will be well to make slight modifications 
in the patterns so that both the machines and patterns may work 
to advantage. 

PATTERNS OBTAINED BY VARIOUS METHODS, 

In this course will be explained the four methods used in 
developing patterns for sheet-metal work, namely, parallel line, 
radial line, triangulation, and approximate developments. Further- 
more, practical problems illustrating these methods will be carefully 
worked out in every detail. 

INTERSECTIONS AND DEVELOPMENTS. 

The following problems on parallel line developments have 
been selected because they have a partictdar bearing on pipe work 
arising in the sheet-metal trade. All of the problems that will 
follow should be carefully studied, drawn on cheap paper, and 
proven by cardboard models. These models will at once show any 
error in the patterns which might otherwise be overlooked. As 
only the Examination Plates are to be sent to the School, the 
student shoidd draw all the other plates given in this course. 

The first problem to be drawn is shown in Fig. 2, being the 
intersection between a cylinder and octagonal prism. In drawing 
these problems for practice, make the cylinder and octagonal prism 
both 2 inches in diameter. The height of the cylinder from B to 
E should be 4J inches; and the length of the prism from G to H, 
3 inches. Let A represent the plan of the cylinder, shown in 
elevation by B O D E ; and F, the section of the prism, shown in 
plan by G H I J. Nimiber the comers of the section F as shown, 
from 1 to 4 on both sides; and from these points draw horizontal 
lines intersecting the plan of the cylinder at 2'3' and 1'4' on both 
sides as shown. Establish a convenient intermediate point of 
intersection between the comers of the prism, as a and ^ in A, from 
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which draw horizontal lines intersecting the section F at a^ % a % a^ ' , 
and a' . Take a tracing of the section F with its various inter- 
sections, and place it in its proper position as shown by F\ in the 







Fig. 2. 

center of the cylinder BODE, allowing the section to make a 
quarter turn, and bringing the points J' J' at the top and bottom 
on a vertical line, while in the section F, J' i' are on a horizontal 
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line. From the vaxiotis intersections in F^, draw horizontal lines 
intersecting vertical lines drawn from similarly numbered inter- 
sections in the plan A, as shown in elevation. A line drawn 
through these points will represent the joint between the cylinder 

and prism. 

For the development for the prism, extend the line H I in plan 
as N K, upon which place the stretchout of all the points contained 
in the section F, as shown by similar figures and letters on N K. 
Through these points, at right angles to N K, draw lines which 
intersect with lines drawn from similarly numbered points and 
letters in plan, at right angles to J I. Trace a line through points 
thus obtained, and K L M N will be the desired pattern. To obtain 
the development for the opening in the cylinder, extend the line 
3) E in elevation as S O, upon which place the stretchout of all the 
points contained in the half -circle A, as shown by similar numbers 
and letters on S O. At right angles to S O and through these 
points, draw lines intersecting horizontal lines drawn from inter- 
sections having similar numbers and letters in elevation, thus 
obtaining the intersections shown by T U V W, which will be the 
shape of the opening to be cut into one-half of the cylinder. 

In Fig. 3 is shown the intersection between a hexagonal and 
quadrangular prism, the hexagonal prism being placed in elevation 
at an angle of 45® to the base line. When drawing this problem 
for practice, make the height of the quadrangular prism 4J inches, 
and each of its sides 2 inches. Place the hexagonal prism at an 
angle of 45° to the base line, placing it in the center of the 
quadrangular prism in elevation as shown; and inscribe the hex- 
agonal section in a circle whose ^diameter is 2J inches. Let A 
represent the plan of the quadrangular prism placed diagonally as 
shown, above which draw the elevation BODE. In its proper 
position and proper angle, draw the outline of the hexagonal prism 
as shown by 1^ 1' 4' 4^; and on l*' A' draw the half section as 
shown by F, numbering the comers 1' 2" 3" and 4". From the 
comer 1' in the plan A, draw the center line 1' 4. Take a tracing 
of the half section F, and place it as shown by F*, placing the 
points I'' 4" in F on the center line in F' as shown. From the 
comers 1, 2, 3, and 4, draw lines parallel to the center line, intersect- * 
ing the two sides of A (i V and 1' a) at 2' 3' and 1' 4', as shown. From 
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these interseotions draw vertical lines, which intersect by lines 
drawn parallel to 4' 4^ from comers having similar ntunbers in F, 
thus obtaining the points of intersection 1^ 2^ 3^ and 4^. Dropping 
vertical lines from the intersections on the plane 1' 4' in elevation, 
and intersecting similarly nmnbered lines in olan, will give the 
horizontal section of 1' 4', as shown by I'' 2" 8 ' and 4''. 








For the development of the hexagonal prism, extend the line 
4' 1' as shown by H J, upon which place the stretchout of twice 
the number of spaces contained in the half section F, as shown by 
similar figm^s on the stretchout line H J. From these points, at 
right angles to H J, draw lines as shown, which intersect by lines 
drawn at right angles to the line of the prism from intersections 
!▼ to 4^, thus obtaininpr thft points of intersection 1^ to 4'. Lines 
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traced from point to point as shown by J K L H, will be th<» 
required development. The shape of the opening to be cut into the 
qnadrangnlar prism, is obtained by extending the line D E in 
elevation as N O, npon which place the stretchout of one-half 
the section A, with the various points of intersection, as shown by 
similar figures on O N. At right angles to O N erect lines from 
these points, which intersect by lines drawn from similarly 
nmnbered hitersections in elevation at right angles to the quad- 
rangular prism, thus obtaining the points of intersection 1'" to 4'" 
on both sides. Then N O P R will be the half development. 

Kg. 4 shows the intersection between two cylinders of equal 
diameters at right angles. Make the height of the vertical cylinder 
3 inches, that of the horizontal cylinder IJ inches, and the diameters 
of both 2 inches. Let A represent the plan of the vertical cylinder, 
and B its elevation. Draw the plan of the horizontal cylinder C, 
shown in elevation by D placed in the center of the vertical 
cylinder. Draw the half section E in plan and divide it into 
equal parts, as shown from 1 to 3 to 1. In a similar manner draw 
the half section E' in elevation, which also divide into the same 
number of spaces as E, reversing the nmnbers as shown. 

The following suggestions are given to avoid confusion in 
nmnbering the points or comers of irregular or roimd sections in 
plan and elevation. If the half section E were bent on the line 1-1 
and turned upward toward the reader, and we should view this 
section from the front, the point 3 would be at the top, or, if bent 
downward, would be at the bottom; therefore the points 3 and 3 in 
elevation are placed at top and bottom. Now if the section E^ in 
elevation were bent on the line 3-3 either toward or away from the 
reader, the point 1 when looking down would show on both sides as 
shown in plan, which proves both operations. No matter whether 
the form is simple, as here shown, or complicated as that which 
will follow, the student should use his imaginative power. Study 
the problem well; close your eyes and imagine you see the finished 
article before you, or, failing in this, make a rough model in the 
shop or a cardboard model at home, which will be of service. Now 
from the intersections in E, draw horizontal lines intersecting the 
circle A at 1', 2' and 3' on both sides. Prom these points erect 
perpendicular lines and Intersect them with horizontal lines drawn 
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Pig. 4. 
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from similarly numbered intersections in E*. Lines traced through 
these points 3" 2' 1" and I'' 2' 3" will be straight because both 
branches are of equal diameters. 

For the development of the cylinder D in elevation, extend 
the line 3-3 as shown by F G, upon which place the stretchout of 
twice the number of spaces contained in E^, as shown by similar 
numbers 3° to l°to 3°to 1° to 3° on the stretchout line F G. 
From these points, at right angles to G F, draw lines, and 
intersect them by lines drawn i)arallel to the cylinder B from similar 
numbers in the joint line. Trace a line through these points in 
the development, when F G H I will be the desired shape. 

For the opening to be cut into the cylinder B to receive the 
cylinder D, extend the base of the cylinder B as shown by 1^ 1^, 
upon which place the stretchout of the half circle A in plan, as 
shown by similar figures on the stretchout line 1^ 1^. From these 
points erect perpendiculars, which intersect by lines drawn from 
similarly numbered intersections in elevation at right angles to the 
line of the cylinder B. Trace a line through the intersections 
thus obtained; J K L M will be the shape of the opening. 

Fig. 5 shows the intersection of two cylinders of unequal 
diameters at an angle of 45°. Make the diameters of the large and 
small cylinders 2 inches and IJ inches respectively; the height of 
the large cyliader 3 inches; and the length of the small cylinder 
measured from its shortest side in elevation, 1 inch, placed at an 
angle of 45° in the center of the cylinder B. A represents the 
plan of the large cylinder struck from the center a and shown in 
elevation by B. Draw the outline of the small cylinder C at its 
proper angle, and place the half section D in its position as 
shown; divide it into a number of equal si)aces, as shown from 
points 1 to 5. Through the center a in plan, draw the horizontal 
line a 5; and with J as a center describe a duplicate of the half 
section D with the various points of intersection, as shown by ly, 
placing the points 1 and 5 on the horizontal line a 5. From the 
intersections in D^ draw horizontal lines intersecting the large 
circle A at 3' to 3' as shown, from which points erect perpendicular 
lines; intersect them bylines drawn parallel to the lines of the 
smaller pipe from similarly numbered intersections in D. A line 
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traced through the points thus obtained will represent the inter* 
section or miter joint between the two pipes. 

These same principles are applicable no matter what diameters 
(he pipes have, or at what angle they are joined, or whether tb^ 




Fig. 5. 

pipe is placed as shown in plan or at one side of the center line. 

For the development of the small cylinder extend the line 5-1 

in elevation as shown by F E, npon which place the stretchout 
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of the circle D' in plan, or twice the amonnt of D in elevation, 
as shown by similar figures on the stretchout line F E. At right 
angles to F E and through these small figures, draw lines which 
intersect with lines drawn at right angles to the lines of the 
small cylinder from similarly numbered intersections in the 
miter line in elevation. Trace a line through the points thus 
obtained; E P G will be the development for the cylinder 0. 

To obtain the opening in the large 
cylinder extend the lines of the large 
cylinder in elevation as shown at the base 
by H J, upon which place the stretchout 
of the intersections contained in the circle 
A, being careful to transfer each space 
separately (as they are xmequal) to the 
stretchout line H J. Through these points 
and at right angles to H J erect lines which 
intersect with horizontal lines drawn from 
similar points in the miter line in elevation 
A line traced through the points thus 
obtained, as shown by K L M N, will be 
the desired development. 

Fig. 6 shows the intersection between 
a quadrangular prism and sphere, the center 
of the prism to come directly over the center 
of the sphere. Make the diameter of 
the sphere 2^ inches, the sides of the 
prism IJ inches, and the height from f 
to c' 2§ inches. Draw the elevation of the 
sphere A which is struck from the center 
a, from which erect the perpendicular a h. With any point, as <j, 
as a center and using the same radius as that used for A, describe the 
plan B. Through c draw the two diagonals at an angle of 45°, and 
draw the plan of the prism according to the measurements given. 
Now draw the elevation of the prism/* (?' and/^' c, the sides of the 
prism intersecting the sphere at c and c ' . From either of these points 
draw a horizontal line intersecting the center line ah BiXd. Then 
using a as a center and a ^ as the radius, describe the arc e e' 
intersecting the sides of the prism extended at e and ^* \f ^ e' f 




Fig. 6. 
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will be the development for one of the sides of the prism. Is 
practice the four sides are joined in one. 

Fig. 7 shows the intersection of a quadrangular prism and 
sphere when the center of the prism is placed to one side of the 
center of the sphere. Make the diameter of the sphere the same 
as in the preceding figure; through x in the plan draw the 45° 
diagonal, and make the distance from a? to A ^ inch, the sides of 
the prism 1 inch, and the height from E to c in elevation IJ inches. 

Having drawn the elevation and plan of 
the sphere, construct the plan of the prism 
as shown by A B D. Parallel to the 
center line x y project the prism in eleva- 
tion intersecting the sphere at a and c. 
Now since the center of the sphere is on 
one of the diagonals of the prism in plan, 
either two of the sides meeting at one end 
of that diagonal, as B O and O D, will be 
alike, and both will be different from the 
other two sides A B and A D, meeting at 
the opposite end of the diagonal. There- 
fore the line F a in elevation will be used 
in obtaining the development of D O in 
plan, while the line E c will be used in 
obtaining the development for the two 
sides D A and A B in plan. 

Now from a draw a horizontal line 
intersecting the center line x y at h; 
and using ^ as a center and yhBB the 
radius, describe the arc G H intersecting 
the sides of the prism extended to G 
and H. Then E F G H is the development for each side of the 
prism shown in plau by D and OB. In a similar manner, from 
the intersection c in elevation draw a horizontal line intersecting 
the center line xy B>id. Then using y as center and yd as radius, 
describe an arc intersecting the sides of the prism at e emd/i E 
F/e will show the development for either side of the prism shown 
in plan by D A and A B. By connecting the points G. and f it 
will be found that the line is a true horizontal line, which proves 




Fig. 7. 
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the two developments. Should the plan of the prism be so placed 
on the sphere that all sides would be diflFerent, then two elevations 
would be necessary so that the intersections of all the sides could 
be shown. 

Devslopments by Trians^ulation. In developing sheet-metal 

yrork of irregular forms, patterns are required which cannot be 
developed by either the parallel or radial-line methods. These 
irregular shapes are so formed that although straight lines can be 
drawn upon them the lines would not run parallel to one another, 
nor would they all incline to a common center. In the methods 
previously described, the lines in parallel developments run parallel 
to one another, while in radial-line developments all the lines meet 
at a common center. Hence in the development of any irregular 
article, it becomes necessary to drop all previous methods, and 
simply proceed to measure up the surface of the irregular form, 
part by part, and then add one to another until the entire surface 
is developed. To accomplish this, we have merely to make use of 
one of the shnplest of all geometrical problems, namely, to construct 
a triangle having given the three sides. This problem is solved 
very early in Mechanical Drawing. To carry out this method 
it is necessary only to divide the surface of the plan or elevation 
of any irregular article into a number of equal parts. Use the 
distances in plan as the bases of the triangles, and the distances in 
elevation as the altitudes or heights of the triangles, or vice versa; 
and then find the hypothenuse by connecting the two given lengths. 

To illustrate this simple principle Fig. 8 has been prepared. 
Let A B C D represent the plan of a plane surface, shown in 
elevation by A^ B^. We know that the true length of the plane 
is equal to A^ B^ and the true width is equal to A D or B C in plan. 
We also know that the vertical height from the bottom of the plane 
A* to the top B* is equal to B* J as shown. But suppose we want 
to obtain the true length of the diagonal line B D in plan on the 
developed plane. To obtain this it will be necessary only to take 
the length of B D, place it from b to D^, ^nd draw a line as shown 
from B^ to D^, which is the length desired. 

While this may look very simple, it is all that there is to 
triangulation, and if the student thoroughly imderstands the simple 

principle and studies the problems which will follow, he will have 

» 
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no trouble in applying this principle in complicated work. To 
make it still clearer we will prove the length of the line B^ ]>. 
Take the distance of A^ B^, place it in plan as shown by A B^ and 
complete the rectangle A B' C? D. Draw the diagonal B' D, being 
the length sought, which will be found to equal B^ ly in elevation. 
When drawing this problem in practice, make the plan 4 by 6 inches 
and the vertical height in elevation 6 inches. 

In obtaining developments by triangulation. the student should 
ise all of his conceptive powers as previously explained. Before 

making any drawing, he must 
see the article before him in his 
mind's eye, so to speak, before 
he can put it down on paper. 
Therefore we want to impress 
upon the student the necessity of 
drawing all the problems that will 
follow in this part and in the Prac- 
tical Workshop Problems. It 
should be tmderstood that tri- 
angulation is not given as an 
alternative method, but is used 
when no other method can be 
employed, and without it no true pattern could be obtained for 
these irregular shapes; hence the necessity of close study. 

In Fig. 9 is shown an irregular solic whose base and top are 
triangles crossing each other, and in which the principle just 
explained will be put tc practical test . Inscribe the triangles 
shown in plan in a circle whose radius is equal to <» 1, or IJ inches^ 
and make the height of the article in elevation 2 inches. The 
dotted triangles 1 2 3 in plan represent the section of the article on 
the line 2-3 in elevativon: and the solid triangle 1^ 2^ 3^ in plan, the 
section on the line 2^ 3^ in elevation. Now connect the two sections 
in plan by drawing lines from 1 to 2^ and to 3\ from 2 to 2^ and to 
1^, and from 3 to 1^ and to 3^. In a similar manner connect the 
points in elevation as shown. It now becomes necessary to obtain 
a triangle giving the true length of the lines connecting the 
comers of the triangle in plan, and as all of these lines are equai 
only one triangle is necessary Therefore take the distance from 
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1 to 2^ in plan and place it on the line 3-2 extended in elevation, 
as shown from 2 to I'', and draw a line from 1^ to 2^ which is the 
desired length. 

For the pattern, proceed as is shown in Fig. 10. Take the 
distance of any one of the sides in the triangle, as 1-2 in Fig. 9, 
€uid place it on the horizontal line ^> elevation g« 
1-2 in Fig. 10. Then nsing 1 and 

2 as centers, with 1^ 2^ in elevation 
in Fig. 9 as radins, describe the 
arcs in Fig.. 10 intersecting each 
other in 2^ Then 1 2 2^ will be 
the pattern for one of the sides 
shown in plan in Fig. 9 by 1 2 2^. 
Proceed in this manner in Fig. 10 
as shown by the small arcs; or a 
tracing may be taken of the one 
side 1 2 2^, and traced as shown 
ontil six sides are obtained, which 
will be the full pattern and which 
is numbered to correspond to the 
nmnbers in plan. 

In Figs. 11, 12, and 13 are shown the methods used in develop- 
ing a scalene cone. The method of obtaining the development of 
any scalene cone, even though its base is a perfect circle, is g vemed 
by the same principle as employed in the last problem on triangu. 




Pig. 9. 




Fig. la 

lation It is well to remember that any section of a scalene cone 
drawn parallel to its base will have the same shape (differing of 
course in size) as the base. This is equally true of articles whose 
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bases are in the shape of a square, rectangle, hexagon^ octagon^ or 
any other polygon. What has jnst been explained will be proven 
in connection with Fig. 11, in which A B represents a side 
eleyation of a scalene cone, whose plan is shown by 1 4^ 7 4 G^, 
Draw any horizontal line, as A D, on which set off the distances 




si 

i 



ta 
'& 



A B equal to 3 inches and B D equal to 2| inches, and the 
vertical height D equal to 4J inches. Draw lines from B aiid 
A to 0, which completes the elevation. In its proper position 
below the line A B, draw the plan of A B as 1 4 7 4^ struck from 
the center C. Through draw the horizontal line O^, and 
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intersect it by a vertical line drawn from the apex in elevation, 
thns obtaining the apex C^ in plan. Draw lines from 4 and 4^ to C*, 
which completes the plan. 

As both halves of the scalene cone are symmetrical, it. is 
necessary only to divide the half plan 14 7 into a nnmber of equal 
8i)aces as shown by the small figures 1 to 7, and from points 
thus obtained draw radial lines to the apex C^. Then these lines 
in plan will represent the bases of triangles which will be con- 
structed, whose altitudes, are all equal to D O in elevation. There- 
fore in Fig. 12 draw any horizontal line, as A B, and from any 
point, as 0, erect the perpen- 
dicular line C^ equal in 
height to D in Fig. 11. 
Now from C? in plan take the 
various lengths of the lines 1 ^ 
to 7 and place them on the 
line A B in Fig. 12, measur- -^ 
ing in every instance from 
the point 0, thus obtaining 
the intersections 1 to 7, from 
which lines are drawn to the 
apexC^. Then these lines will 
represent the true lengths of 
similarly nmnbered lines in 
plan in Fig. 11. 

For the pattern proceed as is shown in Fig. 13. With as 
center and radii equal to C^ 7, 6, 5, 4, etc., in Fig. 12, describe the 
arcs 7-7, 6-6, 5-5, 4r4i etc., in Fig. 13 as shown. Now assuming 
that the seam is to come on the short side of the cone, as O B in 
Fig. 11, set the dividers equal to one of the equal spaces in 
the plan; and starting on the arc 7-7 in Fig. 13, step from arc 7 to 
arc 6, to arcs 5, 4, 3, 2, and 1, and then continue to arcs 2, 3, etc., 
up to 7. Trace a line through these intersections as shown by 
7-1-7, and draw lines from 7 and 7 to C, which completes the 
pattern. 

Now to prove that any section of an oblique or scalene cone 
cut parallel to its base, has a similar shape to its base (diflfering in 
si^), draw any line as a J in Fig. 11 parallel to A B. From C in 




241 



20 



SHEET METAL WORK 



plan erect a vertical line intersecting the base line A B at ^, from 
which draw a line to the apex 0, cutting the line a h at e. Then 
the distances e a and e h will be eqnal; and using 6 as a center and 
6 ^ as radius, describe the circle afhi^ which is the true section 

on a I. Then ^ ( B A 
will be the frustum of 
a scalene cone. Extend 
the line a h parallel to 
A D, cutting the diagram 
of triangles in Fig. 12 
from atoh. Then .with 
radii equal to the dis* 
tances from C^ to the 
various intersections on 
the line a h^ and using 
C in Fig. 13 as center, 
intersect similarly num- 
bered radial lines drawn 




■~j7^ ^ from 7 to 1 to 7 to the 
"' ^ apex 0. A line] traced 

as shown from T tol' 
to 7' will be the desired 
cut, and 7-7-7 '-7' will 
be the pattern for the 
fsi frustum. The practical 
use of this method is 
shown in diagram V in 
Fig. 11; a' is the frus- 
tum of the oblique cone, 
on the ends of which are 
connected round pipes 
Fig.U. y QXidc'. 

It is shown in Fig. 14 how in an irregular solid whose base is 
square and top is round, both top and bottom on horizontal planes 
are developed. The comers in plan F B G, G O H, H D E and 
E A F should be considered as sections of scalene cones. Proceed 
by drawing the plan A B D 3 J inches square, which represents the 
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plan of the base of the article; and the circle E F G H 2^ inches 
in diameter, which shows the plan of the top of the article; the 
vertical height to be 3 inches, shown from atoi. As the circle is in 
the center of the square, making the fonr comers symmetrical, it is 
necessary only to divide the one-qnarter circle into a niunber of 
equal parts as shown by the small figures 1, 2, 2, 3, from which draw 
lines to the apex B. Complete the elevation as shown by IJ K L. 
Now nsing B as center, and radii eqnal to B 1 and B 2 in plan, 
describe arcs intersecting A B at 1' and 2' as shown. Prom these 
points erect perpendiculars intersecting the top of the article I J 




Fig.15. 

in elevation at 1' and 2", from which draw lines to K. Then K 1* 
and K 2^^ will be the true lengths of the lines shown in plan by 
B 1 and B 2 respectively on the finished article. 

For the half pattern proceed as follows: In Fig. 15 draw any 
horizontal line, as A B, equal in length to A B in plan in Fig. 14. 
Now with K I'' as radius and A and B in Fig. 15 as centers, describe 
arcs intersecting each other at 1 From 1 drop a vertical line 
intersecting A B at E. Then 1 K should equal J K in elevation 
in Fig. 14, which represents the true length through G N in plan. 
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Now with radii equal to K 1' and E 2' in elevation, and with B in 
Fig. 16 as center, describe the arcs 1-1' and 2-2'. Now set the 
dividers equal to one of the spaces in G F in plan in Fig. 14; and 
starting at 1 in Fig. 15, step off arcs having similar numbers as 
shown by 1, 2, 2\ V. Now using 1 B as radius, and V as eenter, 
describe the arc B C, and intersect it by an arc struck from B as 
center and with B A as radius, as shown at C. Take a tracing of 1 
B 1' and place it as shown by 1' 1'. Now connect the various 
intersections by drawing lines from 1 toA toBtoOto 
1' tol' to 1, which completes the half pattern. The triangti* 
lar pieces 1 A B or 1 ' B C will represent the flat sides of the 
article shown in plan by 1 A B or 3 B respectively in Fig. 14; 
and the cone patterns 1-1' B and 1-1' C in Fig. 15, the sections of 
the scalene cones 1-3-B and H-G-0 respectively in plan in Fig. 14. 
This same rule is applicable whether the top opening of the article 
is placed exactly in the center of the base or at one side or comer. 
Various problems of this nature will arise in Practical Workshop 
Problems; and if the principles of this last problem are thoroughly 
understood, these wiU be easily mastered. 

Approximate Developments. In developing the blanks or 
patterns for sheet-metal work which requires that the metal be 
hammered or raised by hand, or passed between male and female 
dies in foot or power presses, circular rolls, or hammering machines, 
the blanks or patterns are developed by the approximate method, 
because no accurate pattern can be obtained. In all raised or 
pressed work in sheet metal, more depends upon the skill that the 
workman has with the hammer, than on the patterns, which are but 
approximate at their best. While this is true, it is equally true 
that if the workman understands the scientific rule for obtaining 
these approximate patterns a vast amount of time and labor can be 
saved in bringing the metal to its proper profile. If the true rule 
for averaging the various shapes and profiles in circular work is not 
understood, the result is that the blank has either too little or too 
great a flare and will not form to its proper profile and curve. 
Before proceeding to describe the approximate development 
methods, attention is called to the governing principle underlying 
all such operations. We have previously shown how the patterns 
are develoi)ed for simple flaring ware; in other words, how to 
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develop the fmstnm of a cone. The patterns for curved or any 
other form of circular or hammered work are produced upon the 
same principle. The first illustration of that principle is shown in 
Fig. 16, in which A B C D represents a sphere 3 inches in diameter 
composed of six horizontal sections, struck from the center a. 




Fig.KL 

Divide the quarter circle A C into as many parts as there are 
sections required in the half sphere (in this case three), and draw 
horizontal lines through the ball as shown. The various radii for 
the patterns are then obtained by drawing lines throiigh Ch^hcy 
and c A. Thus b extended meets the center line E D at ^, which 
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is the center for striking the blank for nmnber 3, using the radii 
e b and e 0. In similar manner draw a line from htoc^ extending 
it nntil it meets E D at (2. Then d c and d h will be the radii tor 
blank number 2, while A c is the radius for blank 1 shown at S. 
The lengths of the pattern pieces are determined in the same 
manner as would be the case with an ordinary flaring pan in 
producing the patterns for tin ware, and will be explained 




PLAN 



Fig.n. 



thoroughly in the Practical Workshop Problems which will 
shortly follow. 

In Fig. 17 is shown another elevation of a sphere composed of 
twelve vertical sections as shown in plan view. While the method 
used for obtaining the pattern is by means of parallel lines, and 
would be strictly accurate if the sections in plan remained straight 
dS from 4 to 4, the pattern becomes approximate as soon as we start 
to raise it by means of machine or hammer to conform to the profile 
B in elevation, because the distance along the curve a from 4' to 4' 
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in plan is greater than a straight distance from 4 to 4. The pattern 
by this method is obtained as follows : Let B represent the elevation 
of the sphere, and A the plan of the same, which is divided into as 
many sides as the sphere is to have vertical sections, in this case 
12, being careful that the two opposite sides 4-4 and 4' 4' in plan 
nm parallel to the center line as shown. Make the diameter of the 

,p sphere 4-4 ' 3 inches. 

Divide the half ele- 
vation into an eqnal 
nmnber of spaces as 
shown from 1 to 4 to 
1, and from these 
points drop lines at 
right angles to 4-4' 
intersecting the mi- 
ter lines 1-4 in plan 
as shown. Now draw 
any horizontal line, 
as 1 '-1 ',npon which 
place the stretchout 
of 1-4-1 in elevation 
as shown by l'-4'- 
I'ontheUnel'-l' 
inC. Through these 
points draw lines at 
right angles to 1'- 
1', which intersect 
by lines drawn from 
similarly numbered 
intersections on the 
Fig. 18. miter lines 1-4 in 

plan, at right angles to 4-4. A line traced through points thus 
obtained as shown by will be the desired pattern. 

In Fig. 18 is shown the principle used in obtaining the radii 
with which to develop the blank for a curved or circular mould 
when it is to be hammered by hand. Li this connection, only the 
principle employed will be shown, leaving the full development and 
also the development for patterns which are to be raised by hand 
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and hammered by machine, to be explained in problems which will 
follow in Practical Workshop Problems. Draw this problem double 
the size shown. First draw the elevation A B C D, and through 
the elevation draw the center line F G. Then using G as a center, 
draw the circles A^ B^ and O^ D^ representing respectively the 
horizontal projections of A B and D in elevation. Now draw a 
line from A to E in elevation, connecting the comers of the cove 
as shown. Bisect A E and obtain the point H, from which at right 
angles to A E draw a line intersecting the cove at J. Through J 
parallel to A E draw a line intersecting the center line F G at M. 
Take the stretchout from J to A and from J to E and place it on 
the line J M as shown respectively from J to L and from J to K. 
Then will M L and M K be the radii with which to strike the 
pattern or blank for the cove. From J drop a vertical line intersect- 
ing the line !> G in plan at N. Then with G as center strike the 
quarter circle N O. Now using M as center and M J as radius, 
strike the arc J P. Then on this arc, starting from J, lay off 4 times 
the stretchout of N O in plan for the full pattern. It should be 
understood that when stretching the cove A E, the point J remains 
stationary and the metal from J to L and from J to K is hammered 
respectively toward J A and J E. For this reason is the stretchout 
obtained from the point J. 

PRACTICAL WORKSHOP PROBUSMS. 

In presenting the 82 problems which follow on sheet-metal 
work, practical problems have been selected such as would arise in 
every-day shop practice. 

In this connection we wish to im- 
press upon the student the necessity of 
working out each and every one of the 
32 problems. Models should be made 
from stiff cardboard, or, if agreeable to 
the proprietor of the shop, the patterns 
can be developed at home, then cut out 
of scrap metal in the shop during 
lunch hour, and proven in this way. 

Our first problem is shown in Fig. 19, and is known as a sink 
drainer. It is often the case that the trap imder the kitchen sink 




Pig. 19. 
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Ib choked or blocked, owing to a collection of refuse matter. To 
avoid this a sink drainer is nsed, and is fastened in position through 
the wire loops a^ h and c. The refuse matter is poured into the 
drainer, from which it is easily removed after the fluid has passed 
through the perforations. These drainers may be made of tin or of 
black or galvanized iron, but where a good job is wanted 16-ounce 
copper should be used. To obtain the pattern for any sized drainer, 
*^ ^C proceed as follows: First draw the 

plan of the drainer A B C in Fig. 20, 
making A B and B each two inches 
and forming a right angle. Then 
using B as center and A B as radius, 
draw the arc A 0. In its proper posi* 
tion above the plan construct the side 
elevation, making E D 2 inches high, 
and draw the line F D. Then will 
F E D be the side elevation. Divide 
the arc A C into equal spaces as shown 
by the small figures 1 to 5. For the 
pattern use F D as radius, and with 
D in Fig. 21 as center strike the arc 
1 5. From 1 draw a line to D and 
step off on 1-5 the same number of 
spaces as contained in A C in plan in 
Fig. 20, as shown by similar figures 
in Fig. 21. Draw a line from 6 to D. 
Then will 1-5-D be the pattern for 
the front of the strainer, in which per- 
forations should be punched as shown. 
Pig. 20. To join the sides of this pattern, 

use 1 and 5 as centers, and with either F E or A B in Fig. 20 as 
radius, describe the arcs E and E^ in Fig. 21. Now using D as 
center and D E in Fig. 20 as radius, intersect the arcs E and E^ as 
shown in Fig. 21. Draw lines from 1 to E^ to D to E to 5, which 
completes the pattern, to which edges must be allowed for wiring 
at the top and seaming at the back. 

When joining a faucet or stop cock to a sheet-metal tank it is 
usual to strengthen the joint by means of a conical *'boss," which 
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is indicated by A in Fig. 22. In this problem the cone metlLod is 
employed, tisiug principles similar to those used in developing a 
frnBtmn of a cone intersected by any line. Therefore in Fig. 23 let 




A B represent the part plan of the tank, C porticm of the faucet 
extending back to the tank line, and F G- H I the conical "boss" 
to fit around a faucet. When 
drawing this problem make the 
radius of the tank I> A equal 
to 3| inches, and from D draw 
the vertical line D E. Make 
the distance from G to H equal 
to 2J inches, the diameter of the 
faucet F I 14 inches and the 
vertical height K C IJ inches 
Draw a line from G to H inter- 
secting the center line D E at !K, 
Then usii^ K as center describe 
the half section Q J H as 
shown. Divide J H into equal 
parts shown from 1 to 4, from '^' 

which drop vertical lines intersecting the line G H as shown, 
from which draw radial lines to the apex E cutting the plan line 
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of the tank A B as shown. From these intersections draw hori* 
2sontal lines intersecting the side of the cone H I at 1, 2', 3', and 4', 
Kow use E as center, and with radius equal to E 1 describe the 




arc 1®-1* as shown. Draw a line from 1*^ to E, and starting trom 
1" set off on 1^-1* foxix times the number of spaces contained in 
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J H in plan, as eliown hy cimitar ntimbera on 1° 1*. Draw a line 
from 1> to E, and with E I as radios describe the arc N L inteT- 
secting the radial lines 1° E and 1" E at K and L FeBX)ectirel7. 
From the various nmnbers 6n the arc 1° 1" draw radial lines to 
the apex E; and nsing E as center and with radii eqnal to E 4', 
E 3', and E 2', draw arcs intersecting similarly numbered radial 
lines as shown. Trace a line throngh points thus obtained; then 
will N 1" 1 1" L be the pattern for the "boss." 

In Fig. 24 is shown what is known as a hip bath. In drawing 
oat the problem for practice the stndent should remember that it is 
similar to the preceding one, the only difference being in the outline 
of the cone. Hake the top of the cone I B in Fig. 25 equal to 3^ 
inches, the bottom D 1| inches, the vertical height from K to 5' 
2} inches, the diameter of the foot E F 2^ inches, and the vertical 
height 5'-5' J-inch. Through the center of the cone draw the 
center line K L, and at pleasure 
draw the outline of the bath as 
shown by A J B. It is inmia- 
terial of what outline this may be, 
the principles that follow being 
applicable to any case. Thus, in 
the side elevation, extend the 
lines B C and A D until they 
intersect the center line at L. In 
similar manner extend the sides 
of the foot piece E D and F nntU they intersect the center 
line at R. Now with 6' as center and with radius equal to 5 ' D 
or 5' C, describe the half section C H D, which divide into equal 
spaces as shown by the small figures 1 to 9. From the points of 
division erect vertical lines meeting the base line of the bath D 
at points 1, 2', 3', etc., to 9. From the apex L and through these 
points draw radial lines intersecting the outline B J A, from which 
horizontal lines are drawn intersecting the side of the bath B C 
as shown from 1 to 9. For the pattern for the body use L as center, 
and with L O as radius draw the arc F L^ Now starting at any 
point, as 1, set off on F L* twice the stretchout of D H C as shown 
by similar numbers on the arc F L'. From the apex L and through 
the small figures draw radial lines, which intersect by arcs 
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struck from L as center with radii equal to similarly numbered 
intersections on B C. Trace a line through points thus obtained, 
and L^ M N P P will be the pattern for the body of the bath, 
to which laps should be added at the bottom and sides for seaming. 




The pattern for the foot is obtained by using as radii B D and 
R E, and striking the pattern using R^ as center, the half pattern 
being shown by E^ T E^ D^ ]>, and the distance D^ !> being equal 
to the stretchout of the haU section D H in side elevatioa 



^53 



82 



$HEET-METAL WORK 



It is usual to put a bead along the edges of the top of a bath as 
shown at a and h in Fig. 24. For this purpose tubing is sometimes 
used, made of brass, zinc, or copper and bent to the required shape; 
or zinc tubes may be rolled and soldered by hand, filled with 
heated white sand or hot rosin, and bent as needed. The tube or 
bead can be soldered to the body as shown in (A) in Fig. 25. Here 
a represents the bead, in which a slot is cut as t?, and which is then 
slipped over the edge of the bath and soldered. Another method 
is shown in (B), in which the bath body 5 is flanged over the bead 
a and soldered clean and smooth at c^ being then scraped and 
sandpapered to make a smooth joint. A wired edge is shown at c 
in Fig. 24, for which laps must be allowed as shown in Fig. 25 on 
the half pattern for foot. 

In Fig. 26 is shown the perspective view of a bath tub; these 
tubs are usually made from IX tin or No. 24 galvanized iron. The 
bottom and side seams are locked, and thoroughly soldered, while 

the top edge is wired with handles 
riveted in position as shown 
at A. The method used in de- 
veloping these patterns will be 
the cone method and triangula- 
tion. In drawing this problem 
for practice (Fig. 27), first draw the center line W 8 in plan ; and using 
a as center with a radius equal to 1^ inches draw the semicircle 
C-12 D. Now make the distance a to 5 4 inches; and using h as 
center with a radius of If inches draw the semicircle E-7-H. 
Draw lines from E to D and from O to H. D i;.7 H O 12 D will 
be the plan of the bottom of the bath. In this case we assume 
that the flare between the top and bottom of the narrow end of the 
bath should be equal; therefore using a as center and with a radius 
equal to 1| inches draw the semicircle A W B. At the upper end 
of the bath the flare will be unequal; therefore from h measure a 
distance on line W 8 of 1 inclji and obtain t?, which use as center, 
and with a radius equal to 2 inches describe the arc F 8 G. Draw 
lines from F to A and from B to G; and A F 8 G B W A will be 
the plan of the top of the bath. Now project the side elevation 
from the plan as shown by the dotted lines, making the slant 
height from I to R 2 J inches and from J to K 3 J inches ; draw a line 




Fig. 26. 
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from K to B, and J E B I will be the side elevation of the bath tub. 
In constructing the bath in practice, seams are located at H G, F E, 




PATTERN 

FOR A-BKH) 

IN PLAN 



Fig.S7. 



DIAGRAM OF 
TRIANGLES 



A T>,: and B in plan, thus making the tub in four pieoea 
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The lower end of the bath will be developed by the cone 
method as in the last two problems. From the center a drop a line 
indefinitely as shown. Extend the side K I of the side elevation 
tmtil it meets the center line ad eA d. Now divide the quarter 
circle 12-9 in plan into equal spaces as shown by the small figures 
9, 10, 11, and 12, from which drop vertical lines (not shown) 
intersecting the bottom of the bath tub in elevation from 9' to 12'. 
Then through these points from d draw lines intersecting the top 
line of the bath R K as shown, from which draw horizontal lines 
intersecting the side I-R extended as I X at points 9*^ to 12', 
Then using d as center and ^ I as radius, describe the arc I M, 
upon which place the stretchout of D 12 C in plan, as shown 
by similarly numbered points on L M. Through these points from 
d draw radial lines, which intersect by arcs drawn from similarly 
numbered intersections on I R extended, using d as center. Trace 
a line as shown, and L M N P will be the pattern for the lower 
end of the tub A B D in plan. Laps should be allowed for 
wiring and seaming. 

As the patterns for the upper end and sides will be developed 
by triangulation, diagrams of triangles must first be obtained, for 
which proceed as follows: Divide both of the quarter circles H 7 
and G 8 in plan into the same number of spaces as shown respec- 
tively from 1 to 7 and from 2 to 8. Connect these numbers by 
dotted lines as shown from 1 to 2, 2 to 3, 3 to 4, etc. From the 
various points 2, 4, 6, and 8 representing the top of the bath, drop 
lines meeting the base line J/* in elevation at 2^, 4^, 6^, and 8^, 
and cutting the top line of the bath at 2', 4', 6', and 8'. Then 
will the dotted lines in plan represent the bases of the triangles, 
which will be constructed, whose altitudes are equal to the various 
heights in elevation. Take the various distances 1 to 2, 2 to 3, 
3 to 4, 4 to 5, etc., in plan up to 8, and place them on the vertical 
line l''-8'' in (B) as shown from I'' to 2% 2' to 3% 3' to4%4'' to5% 
©t6., up to 8*^. For example, to obtain the true length of the line 
6-7 in plan, remembering that the points having even numbers 
represent the top line of the bath and those having uneven 
numbers the base line, draw at right angles to 1*^-8'' in (B), from 
B'^, a line equal in height to 6^-6' in elevation, and draw a line 
from 6^ to 7 "^ in (B), which is the length desired. For the true 

256 



SHEET-METAL WORK 35 

length of 6-5 in plan it is necessary only to take this distance 
place it from 6 '^ to 5*^ in (B) and draw a line from 6^ to S''. In this 
way each altitude answers for two triangles. In plan draw a line 
from 1 to 0. Then will two more triangles be necessary, one on the 
line 1-0, and the other on B G or 0-2. From 2' in elevation draw 
a horizontal line, as 2' ^, intersecting the vertical line dropped 
from at e. Now take the distances 1 and 2, and place them 
in (A) as shown by the horizontal lines 0"-!'^ and 0^2^ respectively. 
At right angles to both lines at either end draw the vertical lines 
O^-O'" and OM)^ equal in height respectively to C^ 0' and « 0' 
in elevation. Draw in (A) lines from 2^ to 0^ and from I'' to 0'", 
which are the desired lengths. Before proceeding with the pattern, 
a true section must be obtained on 2 '-8' in side elevation. Take 
the various distances 2' to 8' and place them on the line 2 ',-8' in 
Fig. 28. At right angles to 2 '-8' 
and through the small figures draw 
lines as shown. Now measuring in 
each and every instance from the 
center line in plan in Fig. 27, take the 
various distances to points 2, 4, and 2' 
6 and place them on similarly num. Fig. 28. 

bered lines in Fig. 28, measuring in each case on either side of the 
line 2 '-8% thus obtaining the intersections 2-4-6, A line traced 
through these points will be the true section on 2 '-8' in elevation 
in Fig. 27. 

For the pattern for the upper end of the tub proceed as follows : 
Take the distance of 7''-8^ in (B) and place it on the vertical line 
7-8 in Fig. 29. Then using 8 as center and with a radius equal 
to 8 '-6 in Fig. 28, describe the arc 6 in Fig. 29, which inter6ect by 
an arc struck from 7 as center and with 7^-6^ in (B) in Fig. 27 
as radius. Then usiag 7-5 in plan as radius, and 7 in Fig. 29 as 
center, describe the arc 5, which intersect by an arc struck from 6 
as center and with 6^-5*^ in (B) in Fig. 27 as radius. Proceed in 
this manner, usiag alternately as radii first the divisions in Fig. 28, 
then the length of the slant lines in (B) in Fig. 27, the divisions 
on 7 H in plan, then again the slant lines in B, until the line 1 ^2 
in Fig. 29 is obtained. Trace a line through points thus obtained, 
as shown by 2-8-7-1. Trace this opposite the line 8-7, as shown 
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by S' 1'. Then wOI 2^2'*l'-7-l be the derixed 
which laps must be allowed. 

For the pattern for the side of the bath draw any line 0-1 in 
Fig. 80 equal to 9*1 in plan in Fig. 27. Now with a ladina eqnal 




Fig. 291 

to 9-P in the pattern X and with 9 in Fig. 80 as a center, describe 
the arc 0, which intersect by an arc stmck from 1 as center and 
with I'-C' in (A) in Fig. 27 as radius. Now taking a radius eqnal 
to 0^-2* in (A) with in Fig. 80 as center, describe the arc 2, which 

intersect by an arc 
stmck from 1 as center, 
and with 1-2 in Fig. 29 
as radins. Draw lines 
from comer to comer in 
Fig. 80, which gives 
the desired patterut to 
which laps are added 
Fig. aa tor seaming and wiring. 

In Fig. 81 is shown a perspective view of a funnel strained 
paiL These pails are usually made from IX bright tin, and the 
same principles as are used in the development of the pattem are 
applicable to similar forms, such as buckets, coal hods; chutes, eto. 
This problem presents an interesting study in triangulation, the 
principles of which have been explained in previous problems. 
First draw the center line 1 in Fig. 82, at right angles to which 







\ 
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draw H B and H F each equal to 1^ inches. Make the vertical 
height H O 3^ inches and CD 2 inches. Now make the vertical 
heights measuring from G, to A, and to P resi)ectively ij 
inches, and 1^ inches. Make the horizontal distance from C to Q- 
2f inches, the diameter from G to A If inches, and from A to B 
|-inch, and draw a line from B to 0. Connect points by lines; 
then will ABODEFGbe the side elevation of the pail. In its 
proper position below F E, with J as center, draw the plan K L M N. 
Also in its proper ix>sition draw the section ou A G as O P K S. 
Now draw the rear elevation making G^ U and G^ V each equal to 
H E, and 1' T and I'^-l' each equal to O D. Project a line from 
B in side, intersecting the center line in rear at 4\ Then through 
the three points 1' 4' T draw the curve at pleasure, which in this 
case is struck from the center a. W Y X Z represents the opening 
on G A in side obtained as shown by the dotted Unes but having 
no bearing on the patterns. Pails 
of this kind are usually made 
from two pieces, with seams at 
the sides, as in Fig. 31. The 
pattern then for the back shown 
by O D E H in side elevation in 
Fig. 32 will be obtained by the 
cone method, struck from the 
center I, the stretchout on E^ E* 
in the pattern being obtained 
from the half plan. The pattern 
f or O D E H is shown with lap Fig. 31. 

and wire allowances by D^ D^ E* E^ and needs no further explaixation. 
The front part of the pail shown by A B O H F G will be 
developed by triangulation, but before this can be done a true 
section must be obtained on B O, and a set of sections developed 
as follows: Divide one-half of 1' 4' T in rear elevation into equal 
parts as shown from 1' to 4', from which draw horizontal lines 
intersecting the line B C as shown. From these intersections 
lines are drawn at right angles to B O equal in length to similarly 
numbered lines in rear as 3'-3'', 2'-2'', and I'-l*'. Trace a line 
BB shown, so that 1'" 2'" 3'" 4'" will be the true half section 
onBO. To avoid a oonfusion of linestakeatracingof ABOHFG 
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and place it as shown by similar letters in Fig. 83. Now take 
tracings of the half sections in Fig. 32, as H E D C, C V" B, 
P O S, and the quarter plan N J M, and place them in Fig. 33 on 
similar lines on which they represent sections as shown respectively 
by H 9' 8' C, O 8 B, A 3 G, and F 9 H. Divide the half section 




A 3 6 into 6 equal parts as shown by the small figures 1 to 5. 
As this half section is divided into 6 parts, then must each of the 
sections B 8 and F 9 H be divided into 3 parts as shown respec* 
tively from 6 to 8 and 9 to 11. As O 8' and H 9' are equal 
respectively to C 8 and H 9 they are numbered the same as shown. 
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Now at right angles to G A, B C, O H, and H F, and from the 
various intersections contained in the sections G 3 A, B 8 0, 
C 8' 9' H, and H 9 F, draw lines intersecting the base lines of the 
sections G A, B 0, H, and H F at points shown from 1/ to 11'. 
Now draw dotted lines from B to 5' to 6' to 4' to 7' to E to O, 
and then from H to E to 10' to 2', etc nntil all the points are 





Fig. 33. 

connected as shown. These dotted lines represent the bases of the 
sections whose altitudes are equal to similar numbers in the various 
sections. 

In order that the student may thoroughly understand this 
method of triangulation as well as similar methods that will follow 



261 



40 



SHEET-METAL WORK 



in other problems, the model in Fig. 84 has been prepared, which 
shows a perspective of Fig. 33 with the sections bent up in their 
proper positions. This view is taken on the arrow line in Fig. 83, 
the letters and figures in both views being similar. For the true 

# 

sections on the dotted lines in E A B in Fig. 33, take the lengths 
of the dotted lines E, E 1\ T 4t\ etc., and place them on the 
horizontal line in Fig. 85 as shown by similar letters and figures. 
From these small figores, at right angles to the horizontal line, 
ereot the vertical heights 8, E 8, 7' 7, etc., equal to similai 




Fig- Si. 

vertical heights In the sections in Fig. 83. Connect these pc^ts 
in Fig. 35 by dotted lines as shown, which are the desired true 
distances. 

In Fig. 86 are shown the true sections on dotted lines in 
Q- E H F in Fig. 33, which are obtained in precisely the same 
manner, the only difference being that one section is placed inside 
of another in Fig. 36. For the pattern proceed as is shown in 
Fig. 37. Draw any vertical line as G F equal to G F in Fig. 83. 
With radius equal to 6 1 and with G in Fig. 87 as center describe 
the arc 1, which intersect by an arc struck from F as center and 
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wttbaradiiiseqxialtoFliiiFig.Se. Now with F 11 in Fig. 83 as 
ladins and F in Fig. 37 as center, desoribe tlie arc 11, which is 
intersected by an arc struck from 1 as center and with 1-11 in 
Fig 86 as radins. Proceed in this manner mitil the line 8-9 
in Fig. 37 has been obtained. Then nsing 8'-9' in Fig. 83 as 
radins and 9 in Fig. 37 as center, describe the arc 8, which is 
intersected by an arc stmck from 3 as center and with 3-8 in Fig 
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35 as radios. Now ose alternately as radii, first the divisions in 
B 8 in Fig. 83, then the length of the slant lines in Fig. 85, 
the divisions in E 3 A in Fig. 83, and again the distances in 
Fig. 85, mitil the line B A in Fig. 87 has been obtained, which is 
obtained from B A in Fig. 83. Trace a line throngh points thns 
obtained in Fig. 87 as shown by AB89FGA. Trace this 
half pattern opposite the line G F. Then will B A G A^ B^ 8^ 
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Fig.3a 
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9* F 9 8 be the pattern for the front half of the paiL If for 
any reason the pattern is desired in one piece, then trace one> 
half of D* D* E* E* in Fig. 82 on either side of the pattern In 
Fig. 37 as shown by the dotted lines 8' D* E* 9* and 9 E D 8. 
Allow edges for wiring and seaming. 

Fig 38 shows the method for obtaining the pattern tor bd 
Emerson ventilator shown in F^. 39. 
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While the regular Emerson ventilator has a flat disc for a 
hood it is improved by placing a cone and deflector on the top 
as shown. To make the patterns, proceed as shown in Pig. 38. 
First draw the center line a J, on either side of which lay off 
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14 inchsB, makiog the pipe A, 3 inches in diameter. The rule 
usually employed is to make the diameter of the lower flare and 
upper hood twice the diameter of the pipe. Therefore make the 
diameter ot s d 6 inches. From 8 and 
d, draw a line at an angle of 45° to inter- 
sect the line of the pipe at t and i,' this 
completes B. Measure 2 inches above 
the line t i and make u m the same 
diameter as a d. Draw the bevel of the 
deflector so that the apex will be ^ inch 
above the line t i and make the apex 
of the hood the same distance above u m 
IB the lower apex is below it. Then draw 
lines as shown which complete C and D. 
Now with as a center and radii equal to c e and e d draw the 
quarter circles ef and d h respectively, which represent the one- 





HALF PATTERN 
FOR 
HOOD AND DEFLECTOR 




quarter pattern for the horizontal ring closing the bottom of the 
lower flare. For the pattern for the hood, use ^ as a center and 
^ m as a radius. Now draw the arc mm' . Take the stretchout 
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of the quarter oirole 1 to 6 on {2 A, and place twice this amount 
on m m' as shown from l-^l. Draw a line from 1 to 2. Then 
m' 6 m 2, will be the half pattern for the hood. As the deflector 
has the same bevel as the hood, the hood pattern will also answer 
for the deflector. 

When seaming the hood and deflector together as shown at 
n, the hood o is double-seamed to the deflector at r, which allows 
the water to pass over; for this reason allow a donble edge on 
the pattern for the hood as shown, while on the deflector bnt a 
single edge is required. Edges shotdd also be allowed oned hf. 

For the pattern for the lower flare, extend the line d % nntil it 
intersects the center line at^'. Then with radii equal to^« * and J d 
and with j in Fig. 40 as center describe the arcs % V anidd^ 
On one side as d draw a line to^*. Then set off on the axo d d' 





Fig. 41. 



Fig. 42. 



«wice the number of spaces contained in <{ A in Fig. 88 as shown 
in Fig. 40., Draw a line from d' toi and allow edges for seaming. 
Then dd' V i will be the hali pattern for the lower flare. 

The braces or supports E and F, Fig. 38, are usually mado of 
galvanized band }xoa bolted or riveted to hood and pipe. The 
hood D must be water tight or th& water wUl leak into the deflector, 
{rom which it will dnp fiom the apex inside the building. 

Elbows. There is no other article in the sheet-metal worker's 
line, of which there are more made in practice than elbows. On this 
account rules will be given for constructing the rise of the miter 
line in elbows of any size or 'diameter, also for elbows whose 
sections are either oval, square or round, including tapering elbows 
Before taking up the method of obtaining the patterns, the role 
vil! ^ gl^en for obtaining the rise of the miter line for any siass 
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or number of pieces. No matter how many pieces an elbow has, 
they join together and form an angle of 90°. Thus when we speak 
of a two-pieced, three-pieced, four, five or six-pieced elbow, we 
understand that the right-angled elbow is made up of that number 
of pieces. Thus in Fig. 41 is shown a two-pieced elbow placed in 
the quadrant O B, which equals 90° and makes C A B a right 
angle. From A draw the miter line A a at an angle of 45° to the 
base line A B. Then parallel to A B and A and tangent to the 
quadrant at C and B draw lines to intersect the miter line, as 
shown. Knowing the diameter of the pipe as C D or E B draw 
lines parallel to the arms of the pipe, as shown. Then O B E D 
will be a two-pieced elbow, whose ^miter line is an angle of 45°. 

In a similar maoner draw the quadrant B 0, Fig. 42, in which 
it is desired to draw a three-pieced elbow. Now follow this simple 





Fig.^ 



Fig. 44. 



rule, which is applicable for any number of pieces: Let the top 
piece of the elbow represent 1, also the lower piece 1, and for every 
piece between the top and bottom add 2. Thus in a three-pieced 
elbow: 

Top piece equals 1 

Bottom piece equals 1 
One piece between 2 

Total equals 4 

Now divide the quadrant of 90° by 4 which leaves 22^|[®. As 
one piece equals 22^°, draw the lower miter line A a ai that 
angle to the base line A B. Then as the middle piece represents 
two by the above rule and equals 45°, add 45 to 22^ and draw the 
second miter line A J, at an angle of 67^° to the base line A B. 
Now tangent to the quadrant at and B draw the vertical and 
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= 15. Then the first miter line A a will equal 15°, the 



horizontal lines shown, until they intersect the miter lines, from 
which intersections draw the middle line, which will be tangent to 
the qnaxirant at P. CD and B E show the diameters of the pipe, 
which are drawn parallel to the lines of the elbow shown. 

Pig. 43 shows a fonr-pieced elbow, to which the same rule is 
applied. Thus the top and bottom piece equals 2 and the two 
middle pieces equal 4; total 6. Now divide the quadrant of 90** by 
A 90 

second A J 45°, the third A o 75°, and the vertical line A C 90°. 

The last example is shown in Pig. 44, which shows a five- 
pieced elbow, in which the top and bottom pieces equal 2, the 3 

90 
middle pieces 6; total 8. Divide 90 by 8. — ^ = llj. Then the 

o 

first miter line will equal 11^°, the second 33f °, the third 564°,and 

the fourth 78i°. By 
using this method an 
elbow having any num- 
ber of pieces may be 
laid out. When draw- 
ing these miter lines it 
is well to use the pro- 
tractor shown in Pig. 45, 
which illustrates how to 
lay out a three-pieced 
elbow. Prom the center 
point A of the protrac- 
tor draw lines through 
Pig. 45. 22^°, and 674°. Now set 

off A a, and the diameter of the pii)e a h. Draw vertical lines 
from a and h to the miter line at o andd. Lay off similar distances 
from A to a' to J' and draw horizontal lines intersecting the 67^° 
miter line at c' and d\ Then draw the lines d d' and cc' to 
complete the elbow. In practice, however, it is not necessary to 
draw out the entire view of the elbow; all that is required is the 
first miter line, as will be explained in the following problems. 
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EXERCISES FOR PRACTICE. 

1. Make the diameter of the pipe If inches and the distances 
from A to E li^ inches in Figs. 41 to 44 inclusive. 

To obtain the pattern for any elbow, Ttsing but the first miter 




Fig. 46. 



line, proceed as follows: In Fig. 46 let A and B represent respect- 
ively a two- and three-pieced elbow for which patterns are desired- 
First draw a section of the elbow as shown at A in Fig. 47 which 




Fig. 47. 



is a circle 3 inches in diameter; divide the lower half into equal 
spaces and nmuber the poiiits of drvision 1 to 7. Now follow the 
role nreviously given: The top and bottom piece equals 2; then 
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for a two-pieced elbow divide 90 by 2. In its proper position below 
tlie section A draw BODE making E D 45^. From the yarions 
points of intersection in A drop vertical lines intersecting E D as 



ELEVATION 




SECTION 



Fig. 48, 

shown. In line with B draw K L upon which place twice the 
nmnber of spaces contained in the section A as shown by similar 
figures on !K L; from these points drop perpendiculars to intersect 
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with lines drawn from similar intersections on E D, parallel to EL. 
Trace a line throngh points shown; then E L O N M will be 
the i)attem. To this laps must be allowed for seaming. 

Now to obtain the pattern for a three-pieced elbow, follow the 
mle. Top and bottom pieces eqnal 2, one middle piece equals 2; 

90 
total 4 — 2 =^ 22J. Therefore ia line with the section A below 

the two-pieced elbow draw P G J H, making H J at an angle of 
22J** to the line H J. Proceed as above nsing the same stretchout 
lines; then XT P R S T will be the desired pattern. It should be 
onderstood that when the protractor is used for obtaining the angle 
as shown in Fig. 45, the heights a o and h d measured from the 
horizontal line form the basis for obtaining the heights of the 
middle pieces, inasmuch as they represent one-half the distance; 
for that reason the middle pieces count 2 when using the rule. 
Therefore, the distances F H and G J (Fig, 47), represent one-half 
of the center piece and XT T S K P one-half the pattern for the 
center piece of a three-pieced elbow. 

Fig. 48 shows how the i)attems are laid into one another, to 
prevent waste of metal when cutting. In this example we have a 
three-pieced elbow whose section is 2 X 2 inches. It is to be laid 
out in a quadrant whose radius is 5 inches. ITse the same 
principles for square section as for round; numlDer the comers of 
the section 1 to 4. In line with S t draw D E upon which place 
the stretchout of the square section as shown by similar numbers 
on D E; from which draw horizontal lines which intersect lines 
drawn parallel to D E from the intersections 1' 2' and 3' 4' in A 
in elevation, thus obtaining similar points in the i)attem. Then 
A* will be the pattern for A in elevation. For the pattern fc r B 
simply take the distance from 2' to^' and place it on the line 4 4' 
extended in the pattern on either side as shown by 4' 4' on both 
sides. Now reverse the cut 4' 2' 4' and obtain 4' 2' 4*. By 
measurement it will be found that 4' 4*^ is twice the length of 2' 2 
as explained in connection with Figs. 45 and 47. «Make the distance 
from 1' to a' the same as J to ct in O and draw the vertical line 
V V intersecting the lines 4 4*^ extended on both sides. Then A*« B*, 
and C^ will be the patterns in one piece minus the edges to^ 
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seaming which most be allowed between these cuts; this would of 
course make the lengths b' 4', 4' 4' and 4' 4 as mnch longer as 
the laps would necessitate. 

This method of cutting elbows in one piece, from one square 
is applicable to either round, oval or square sections. 

In Figs. 49 and 60 are shown three-pieced elbows such as are 

a 





Fig. 49. 

used in fumace-pipe work and are oaaally made from bright tin. 
Note the difference in the position of the sections of the two 
elbows. In Fig. 49 « J is in a vertical position, while in Fig, 50 it 
is in a horizontal position. In obtaining the patterns the same 

^— ^ — 1 TV rule is employed as in pre- 

' ' / \ viouB problems, care being 

taken when developing the 
patterns for Fig. 49 that 
the section be {daced as in 
Fig. 51 at A; and when 
developing the patterns for 
Fig. 50, that the section be 
placed as shown at A in 
Fig. 52. 

Pig- 51. Fig. 53 shows a taper- 

ing two-pieced elbow, roimd in section. The method here shown 
is short and while not strictly accurate, gives good results. 
It has been shown in previous problems on Intersections and 
Developments that an obliqne section through the opposite 
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sides of a cone is a true ellipse. Bearing this In mind it ia 
evident that if the fnistnin of the cone H I O K, Fig. 64, 'were 
a solid and cut obliquely by the plane J K and the Beveral parts 
placed side by side, both would present true ellipses of exactly the 
same size, and if the two parts were placed together again tumii^ 
the upper piece half-way around as shown by J W M K, the edges 




Fig.Sa. 

of the two pieces from J to K would ezacUy coincide. Taking 
advantage of this fact, it is necessary only to ascertain the angle of 
the line J K, to produce the required angle, between the two pieces 
of the elbow, both of which have an equal flare. The an^ of the 
miter line, or the Hue which cuts the cone in two parts, must be 
found accurately so that when joined together an elbow will 
be formed having the desired 
angle cm the line of its axis. 
Therefore draw any vertical 
line as A B. With O as a center 
describe the plan of the desired 
diameter as shown by E D F B. 
At right angles to A B draw the 
bottom line of the elbow H I 
equal to E F, or in this case, 3 
inches. Measuring from the line ^is- ^ 

H I on the line A B the height of the frustum is 5 inches. 
Through X' draw the upper diameter O N, 1| inches. Extend the 
contour lines of the frustum until they intersect the center line 
at L. Divide the half plan E D F into a number of equal parts 
as shown; from these points urect lines intersecting the base line 
H I from which draw lines to the apex L. As the elbow is to be 
in two pieces, and the axis at right angles, draw the angle T B 3^ 
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bisect it at U and draw the line B V. Ko matter what the aog^e of 
the elbow, nae thia method. Now eetablish. the point J at some 
txmTenient point on the cone, and from J, parallel to R V, draw the 
miter line J K intersecting the radial lines drawn throngh the c(me; 
from these points and at right angles to the center line A B draw 
lines interseoting the side of the cone J H from 1 to 7. If it is 



N'^-C':-:''/''^'-''''''/-'!''. 




btg. 54. 
oesiied to know how the side of the tapering elbow would look, 
take a tracing of N O K J, reverse it and {dace it as shown by 
JWMK. 

For the pattern proceed as follows: With L as a center and 
L E as a radins describe the arc 1 1. Starting from 1 set off cm 
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this arc twice the stretchout of 1 4 7 in plan, as shown by similar 
figures on 1 1, from which draw radial lines to the apex L. Again 
using L as center with radii equal to L N, L 1, L 2 to L 7, draw arcs 
a9 phown intersecting radial lines having similar numbers. Through 
these intersections draw the line J' L'. Then O' N' J' K' L' 
or A will be the pattern for the upper arm (A) in elevation, and 
P' R' T' X Y or B the pattern for the lower arm (B) in elevation. 




Fig. 55. 

The pattern should be developed full size in practice and then 
pricked from the paper on to the sheet metal, drawing the two 
patterns as far apart as to admit allowing an edge to A at a; also 
an edge at ( to B for seaming. 

When a pattern is to contain more than two pieces the method 
of constructing the miter lines in the elevation of the cone is 
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slightly difFerent as shown in Fig. 55. Assnme the hottom to be 
3 inches in diameter and the top 1^ inches. Let the vertical height 
be 4 inches. In this problem, as in the preceding, the varions 
pieces necessary to form the elbow are cut from one cone whose 
dimensions must be determined from the dimensionB of the required 
elbow. The first step is to determine the miter lines, which can 
be done the same as if r^:nlar pieced elbows were being developed. 
As (he elbow is to consist of four pieces in 90°, follow the rnle 
given in connection with elbow drafting. The top and bottom 

90 
piece equal 2; the two middle pieces equal 4; total 6. — ^ = 15 

Lay off A B D according to the dimensions given, and draw the 
half plan below D C; divide it into eqoal parts as shown. Il^m 
the points of division erect perpendiculars intersecting D G, from 
which draw lines meeting the center line E 4 at F. 




■*^GHT BENOa 
Fig. 56. Fig. 57. 

We assume that the amount of rise and projection of the elbow 
are not specified, excepting that the lines of axis will be at right 
angles. Knowing the angle of the miter line, it becomes a matter 
of judgment upon the part of the pattern draftsman, what length 
shall be given to each of the pieces composing the elbow. Therefor 
establish the points G, I and K, making D G-, G- 1, I E and K I 
i, 1|, J and 1 inch respectively. From G, I and K draw the hori 
zontal lines G 1', 1 1° and K 1*. To each of these lines draw the 
lines G H, IJ and K L respectively at an angle of 15" intersecting 
the radial lines in the cone as shown. From these intersections 
draw horizontal lines cutting the side of the cone. Then using F 
as a center, obtain the various patterns O, P, K and S in the ' 
manner already explained. 
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In Fig. 56 is shown a side view of the elbow, resulting from 
preceding operations; while it can be drawn from dimensions 
obtained in Fig. 55, it wotdd be impossible to draw it without first 
having these dimensions. 

In Fig. 57 is shown a perspective view of a tapering square 
elbow of square section in two pieces. This elbow may have any 
given taper. This problem will be developed by triangulation and 
parallel lines; it is an interesting study in projections as well as 
in developments. First draw the elevation of the elbow in Fig. 58 
making 1--6 equal to 3^ inches, the vertical height 1-2, 4} inches, 
and 6-5, 2J inches; the projection between 1 and 2 should be 
g inch and between 5 and 6, § inch. Make the horizontal distance 



EL^ATION 
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Pig. 58. 

from 5 to 4, 2 inches, and the rise at 4 from the horizontal line 
J inch, and the vertical distance from 4 to 3, IJ inches. Then draw 
a line from 3 to 2 to complete the elevation. 

In its proper position below the line 1-6, draw the plan on 
that line, as shown by 1' 1' 6' 6'. Through this line draw the 
center line A B. As the elbow should have a true taper from 1 to 3 
and from 4 to 6, we may develop the patterns for the top and 
bottom pieces first and then from these construct the plan. There- 
fore, take the distances from 1 to 2 to 3 and from 4 to 5 to 6 in 
elevation and place them on the line A B in plan as shown respec- 
tively from 1° to 2° to 3° and from 4° to 5° to 6°; through these 
points draw vertical lines as shown. While the full developments 
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E and D are shown we shall deal with but one-half in the explana- 
tion which follows. • As the elbow is to have the same taper on 
either side, take the half distance of the bottom of the elbow 1-6 
and place it as shown from l°-6° to l'-6', and the half width of 
the top of the elbow 3-4 and place it as shown from 3° to 3' and 4:"^ 
to 4'. Then draw lines from 3" to 1' intersecting the bend 2° at 
2', and a line from 4' to 6' intersecting the bend 5° at 5". Trace 
these points on the opposite side of the line A B. Then 1' 3' ah 
will be the pattern for the top of the elbow and 6' 4' ci the 
pattern for the bottom. From these various points of intersection 
draw horizontal lines to the plan, and intersect them by lines 
drawn from similarly nmnbered points in the elevation at right 
angles to A B in plan. Draw lines through the points thus 
PATTERN FOR obtained in plan as showu by 1 ' , 2 ' , 3 "^ , 4 ' , 

SIDES g / ^^^ g / ^jj j^jj ^jjj represent the half plan 

view. For the completed plan, trace these 
1"* lines opposite the line A B as shown. It 
will be noticed that the line 3-4 in eleva- 
tion is perpendicular as shown by 3' 4' 
in plan while the points 2' and 5' project 
from it, showing that the piece 2-3-4-5 
Fig. 59. in elevation must be slightly twisted 

along the line 5-3 when forming the elbow. Similarly slight 
bends will be required along the lines 1-5 and 5-2. 

It will now be necessary to obtain the true lengths or a 
diagram of triangles on the lines 1-5, 5-2 and 5-3. Connect similar 
numbers in plan as shown from 1' to 5', 5' to 2' and 5' to 3', the 
last two lines being already shown. From similar points in eleva- 
tion draw horizontal lines as shown by 2-A, 3-^, &-e and 6-rf. 
Take the distances from 1' to 5', 5' to 2' and 5' to 3' in plan and 
place them on one of the lines having a similar number in eleva- 
tion, as shown respectively by 1^ 5*, 5^ 2^ and 5^ 3^. From the 
points marked 5^ draw vertical lines intersecting the horizontal 
line drawn from 5 at 5^, 5^ and 5^ respectively. Now draw the true 
lengths 1* 5^, 2^ 5^, and 3^ 5^. For the pattern draw any line as 
1-6 in Fig. 59 equal to 1-6 in Fig. 58. Now with 6" 5" in D as a 
radius and 6 in Fig. 59 as a center, describe the arc 5 which is 
intersected by an arc struck from 1 as a center and the true lengthy 
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1' 5' in Fig. 58 as ladixis. Then nsmg the tme length 6^ 2^ as 
radios and 5 in Fig. 69 as center, describe the arc 2, which is 
intersected by an arc etmok from 1 as center and 1' 2' in E in 
Fig. 68 as radios. Using the true length B" 3" as radius and 5 in 
Fig. 69 as center, describe the arc 3, and intersect it by an are 
stmckfrom 2 as center and 2' 3' in E in Fig. 58 as a radios. Now 
vrith 5' 4' in D as a radios and 5 in Fig. 59 as a center, describe 
tht arc 4, and intersect it by an arc strock from 8 as center and 
3-4 in the elevation in Fig. 68 as a radios. Draw lines from point 
to point in Fig. 69 to complete the pattern. Laps shotdd be 
allowed on all patterns, for seaming. Slight bends will take place 
as shown on the pattern, also as is shown by a £ and o in Fig. 67. 
If the joint is to be on the line 2-5 in elevation in Fig. 68, tha 
necessary pieces can be joined together. 

In P^. 60 is shown a perspective view of a five-piece tapering 
elbow, having a roond base and an elliptical top. This form is 
generally known as a ship ventilator. 
The principles shown in this problem 
are applicable to any form or shape no 
matter what the respective profiles may 
be at the base or top. The first step is 
to draw a correct side view of the elbow 
as shown in Fig. 61. The ootline A 
B C D E F can be drawn at pleasnre, 
but for practice, dimensions are given. 
First draw the vertical line A F 
eqnal to 4^ inches. On the same 
Fig. ea line extend measore down IJ inches to 

/and draw the horizontal line H B. From/ set off a distance of 
\\ inches :it Cr, and osing G as a center and 3 F as a radios 
describe the arc F E intersecting H B at E, from which draw the 
vertical line E D eqoal to 1 inch. Draw D O eqoal to 1| inches, 
then draw O B.. From B lay off 5| inches, and using this point (H) 
as a center and H B as a radius describe the arc B A. The portion 
shown B E D C is a straight piece of pipe whose section is shown 
by IJ K L. Now divide the two arcs B A and E F into the same 
number of parts that the elbow is to have pieces (in this case foor) 
ftud draw the lines of joint or miter lines as shown by U V, eto. 
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Bisect each one of the joint lines and obtain the points abed and e. 
Then A B C D E P will be the side view. 

The patterns will be developed by triangnlation, but before 
this can be done, true sections mnst be obtained on all of the lines 
in side elevation. The true sections on the lines B E and C D are 
shown by I J K L. The length of the sections are shown by the 
joint lines, but the width must be obtained from a front outline of 
the elbow, which is constructed as follows: In its proper relation 
to the side elevation, draw the center line M R upon which draw 




SIDE ELEVATION 



FRONT OUTUNE 



secJ'lqnL 



Fig. 61. 



the ellipse M N O P (by methods already given in Mechanical 
Drawing) which represents the section on A F in side. Take half 
the diameter I K in section and place it on either side of the center 
line M R as R T or K S. Then draw the outline O S and T N in 
a convenient location. While this line is drawn at will, it should 
be understood that when once drawn, it becomes a fixed line. Now 
from the various intersections ah c d and e in the side elevation, 
draw lines through and intersecting the front outline as shown on 
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sections on the joint lines in side elevation are 
obtained in the same manner. 

If the sections were required for piece 2 in 
side it would be necessary to use only O 6' 12 in 
Fig. 62 and place it on U V in Fig. 61, and on a 
perpendicular line erected from Cj place the width 
c' c" shown in front and through the three points 
obtained again draw the semi-elliptical profile or 
section. Now divide the two half sections (Fig. 62) 
into equal parts as shown by the small figures, from 
which at right angles to 1-13 and 0-12 draw lines 
intersecting these base lines from 1-13. Connect opposite points 
as 1 to 2 to 3 to 4 to 5, etc., to 12. Then these lines will represent 
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M 



one side by O, h\ g\ dl and e\ Then these distances will repre- 
sent the widths of the sections shown by similar letters in side. 
For example, the method will be shown for obtaining the true 
section on U V, and the pattern for piece 1 in side 
elevation. To avoid a confusion of lines take a 
tracing of A F Y U and place it as shown by 1, 
13, 12, in Fig. 62. On 1-13 place the half profile 
M N P of Fig. 61. Bisect 0-12 in Fig. 62 and 
obtain the point 6; at a right angle to 0-12 from 6 
draw the line 6 6' equal ioV V in front outline in 
Fig. 61. Then through the three points O, 6' and 
12 in Fig. 62, draw the semi-ellipse, which will 
represent the half section on U V. The other 
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the hases of sections whose altitudes are equal to the heights in 
the half section. For these heights proceed as follows: 

Take the yarious lengths from 1 to 2, 2 to 3, 3 to 4, 4 to 5, etc., 
to 11 to 12 and place them on the horizontal line in Fig. 63 as 
Bhown by similar figures; from these points erect vertical lines 
eqnal in height to similar figures, in the half section in Fig. 62 as 
shown by similar figures in Fig. 63. For example: Take the dis- 
tance from 7 to 8 in Fig. 62 and place it as shown from 7 to 8 in 
Fig. 63 and erect vertical lines 7-7', and 8-8' equal to 7-7' and 
8-8' in Fig. 62. Draw a line from 7' to 8' in Fig. 63 which is the 
true length on 7-8 in Fig. 62. For the pattern take the distance of 
1-0 and place it as shown by 1-0 in Fig. 64. Now using O as a 
center and O 2' in Fig. 62 as a radius, describe the arc 2 in Fig. 64 




Fig. 64. 

and intersect it by an arc struck from 1 as a center with 1-2' in 
Fig. 63 as a radius. Now with 1-3' in Fig. 62 as a radius and 1 in 
Fig. 64 as a center, describe the arc 3, and intersect it by an arc 
struck from 2 as center and 2'-3' in Fig. 63 as a radius. Proceed 
thus, using alternately as radii, first the divisions in 0-6'-12 in 
Fig. 62, then the proper line in Fig. 63, the divisions in l-7'-13 in 
Fig. 62 and again the proper line in Fig. 63, until the line 12-13 
in Fig. 64 is obtained, which equals 12-13 in Fig. 62. In this 
manner all of the sections are obtained, to which laps must be 
allowed for wiring and seaming. 
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TABLES. 

The following tables will be found convenient for the Sheet-Metal Worker: 

TABLES ' PAQB. 

Weight of Oast Iron, Wrought Iron, Copper, Lead, Brass and Zinc. .... 62 

Sheet Copper 63 

Sheet Zinc 64 

Standard Gauge for Sheet Iron and Steel 65 

Weights of Fl&t Rolled Iron 66-71 

Square and Bound Iron Bars 72-73 

Angles and Tees .« 74 
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SHEET COPPER. 

Official table adopted by the Association of Copper Manufacturers of 
the United States. Boiled copper has sjiecific gravity of 8.03. One cubic 
foot weighs 558.125 pounds. One square foot, one inch thick, weighs 46.51 
pounds. 
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UNITED STATES STANDARD GAUGE FOR SHEET AND PLATE 

IRON AND STEEL 

COPY [Public-No. 137] 

An act establishing a standard gauge for sheet and plate iron and steel. 

Be it enacted by the Senate and House of Representatives of the United States of America 
in Congress ctssembted^ That for the purpose of securing uniformity the following is estab- 
lished as the only standard gauge for sheet and plate iron and steel in the United States of 
America, namely: 
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And on and after July first, eighteen hundred and ninety-three, the same and no other 
shall be used in determining duties and taxes levied by the United States of America on sheet 
and plate iron and steel. But this act shall not be construed to increase duties upon any 
aricles which may be imported. 

Sec. 2. That the Secretary of the Treasury is authorized and required to prepare suitable 
standards in accordance herewith. 

Sec. 8. That in the practical use and application of the standard gauge hereby estab- 
lished a variation of two and one-half per cent either way may be allowed. 

Approved, March 3, 1893. 
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WBMlfra OP PLAT r6lLED IRON PER UNBAR FOOT. 

Iron weighing ISO pounds per cubio fdot 
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WBIOHTS OP PLAT ROLLED IRON PER LINEAR POQV. 

(Oantinwd) 





8" 

.esi5 


.(S77 


8K" 
.729 


83i" 


4L" 


.885 


^'' 


4H'' 


12'/ 


, 


.781 


.888 


.988 


.990 


2.5d 


T 


XSOi 


1.85 


1.46 


li»6 


1.67 


1.77 


1.88 


1.98 


5.00 


jL 


1.88 


2.08 


2.19 


2.84 


2.50 


2.66 


2.81 


2.97 


7i0 


i 


2.50 


2.71 


2.90 


8.18 


8.88 


8.54 


8.75 


8.96 


li).00r 


« 


8.18 


8.89 


8.65 


8.91 


4.17 


4.48 


4.69 


4.95 


12:50 


A 


8.75 


4.06 


4.88 


4.69 


5.00 


5.81 


5.63 


5.94 


15.00 


4.88 


4.74 


5.10 


5.47 


5.83 


6.20 


6.56 


6.98 


17i0 


i 


5.00 


5.42 


5.88 


6i5 


J6.67 


7.08 


7.50 


7.92 


20.00 


A 


5.68 


6.09 


6i^ 


7.08 


7.50 


7.97 


8.44 


8.91 


22JM) 


f 


6.25 


6.77 


7J89 


7.81 


8.88 


8.85 


9.88 


9.90 


25.00 


H 


6.88 


7.45 


8.02 


8.59 


9.17 


9.74 


10.81 


10.89 


27.50 


Y 


7.50 


8.ia 


8.75 


9.88 


10.00 


10.68 


11J85 


11.88 


80.00 


H 


8.18 


8.80 


9.4a 


10.16 


10.88 


lUl 


12.19 


12.86 


82i0 


i 


8.76 


9.48 


10.21 


10.94 


11.67 


12.40 


13.13 


18.85 


85.00 


H 


9.88 


10.16 


10.94 


li;72 


12^ 


18J» 


14.06 


14.84 


87i0 


1 


10.00 


10.88 


11.67 


12.50 


13.88 


14.17 


15.00 


15.88 


40.00 


ItV 


10.68 


11.51 


12.40 


18J» 


14.17 


15.05 


15.94 


16.82 


42.50 


li 


11.25 


12.19 


18.18 


14.06 


15.00 


15.94 


16.88 


17.81 


45.00 


11.88 


12.86 


13.85 


14.84 


15.88 


16.82 


17.81 


18.80 


47.50 


1? 


12^ 


13.54 


14.58 


15.68 


16.67 


17.71 


18.75 


19.79 


50.00 


lA 


18.18 


14Jg2 


15.81 


16.41 


17.50 


18^9 


19.69 


20.78 


62.50 


ii 


18.75 


14.90 


16.04 


17.19 


18.38 


19.48 


20.68 


21.77 


55.00 


I4.8r. 


15.57 


16.77 


17.97 


19.17 


20.86 


2U6 


22.76 


57.50 


lY 


15.00 


16^5 


17.50 


18.75 


20.00 


21J85 


22.50 


23.75 


60.00 


lA 


15.68 


16.93 


18i8 


19.58 


20.$ 


22.14 


23:44 


24.74 


62.50 


lY 


i6.25 


17.60 


18.96 


20.81 


21.67 


23.02 


24.88 


25.73 


65.00 


t« 


16.88 


18.28 


19.69 


21.09 


22.50 


23.91 


25.31 


26.72 


67.50 


1? 


17.50 


18.96 


20.42 


21.88 


23.88 


24.79 


26^5 


27.71 


70.00 


1? 


18.18 


19.64 


21.15 


22.66 


24.17 


25.68 


27.19 


28.70 


72.50 


18.75 


20.81 


21.^:) 


23.44 


25.00 


26.56 


28.13 


29.69 


75.00 


m 


19.88 


20.99 


22.60 


24.22 


25.83 


27.45 


29.06 


30.68 


77.50 


t 


20.00 


21.67 ;23.33 

a 


25.00 


26.67 


28.38 


80.00 


31.67 


80.00 


J 


, 


> 


I 




1 


. 1 


. 
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68 



SHEET-METAL WORK 



WEianrs op plat rolled iR<m per linear foot. 

(Ckmtinued) 



AidtBiH 


6" 

1.04 
2.06 
8,13 
4.17 


6K" 

1.09 
2.19 
ZSS 
4.38 


5K" 

1.16 
2.29 
8.44 
4.58 


1.20 
2.40 
8.59 
4.79 


6'' 

1.25 
2.50 
8.75 
5.00 


e)i'' 


en" 


63i" 

1.41 
2.81 
4.22 
5.63 


12'' 


1 


1.80 
2.60 
8.91 


1.86 

2.71 
4.06 
6.42 


2.50 

6.00 

7JbO 

10.00 


! 


5.21 
6.25 
7JB9 
8.33 


5.47 
6.56 
7.66 
8.75 


5.78 
6.88 
8,02 
9.17 


5.99 
7.19 
8.39 
9.58 


6i6 

7.60 

8.76 

10.00 


6.51 

7.81 

9.11 

10.42 


6.77 

8.18 

9.48 

10.88 


7.08 
8.44 
9.84 

iije6 


12.50 
15.00 
\7JbO 
20.00 


1 


9.38 
10.42 
11.46 
12.50 


9.84 
10.94 
12.08 
13.18 


10.81 
11.46 
12.60 
18.76 


10.78 
11.98 
18.18 
14.88 


11.26 
12.50 
18.75 
15,00 


11.72 
13.02 
14.82 
15.68 


12.19 
13.64 
14.90 
16i5 


12.66 
14.06 
15.47 
16.8^ 


22.5a 
25.00 
27.50 
30.00 


I 


18.54 
14.58 
15.68 
16.67 


14JS2 
15.31 
16.41 
17^0 


14.90 
16i)4 
17.19 
18.38 


16.57 
16.77 
17.97 
19.17 


16.25 
17.b0 
18.75 
20.00 


16.98 
18JB8 
19.53 
20.88 


17.60 
18.96 
20.81 
21.67 


18.28 
19.69 
21.09 
22.50 


82.50 
85.00 
87.60 
40.00 


It 


17:71 
18.76 
19.79 
20.88 


18.59 
19.69 
20.78 
21.88 


19.48 
20.68 
21.77 
22.9^ 


20.86 
21.56 
22.76 
23.96 


2li6 
22.$ 
28.75 
25.0Q 


22.14 
23.44 
24.74 
26.04 


28.02 
24.88 
26.73 
27.08 


28.91 
26.31 
26.72 
28.18 


42.50 
45.00 
47.60 
50.00 


't 
it 


21.88 
2^.92 
23.96 
25.00 


22.97 
24.06 
25.16 
26J36 


24.06 
25.21 
26.35 
27.50 


25.16 
26.35 
27.56 

28.76 


26.25 
27.50 
28.76 
80.00 


27.34 
28.66 
29.96 
81.26 


28.44 
29.79 
81.16 
82.60 


29.53 
80.94 
32.34 
33.76 


62.50 
66.00 
57.60 
60.00 


It 
1? 


26.04 
27.08 
28.13 
29.17 


27:34 
28.44 
29.53 
80.63 


28.65 
29.79 
80.94 
82.08 


29.95 
81.16 
32.34 
33.54 


31.26 
82.50 
38.76 
36.00 


82.55 
33.86 
85.16 
86.46 


83.86 
d5JBl 
86.56 
87.92 


85.16 
86.56 
37.97 
39.38 


62.50 
65.00 
67.60, 
70.00 


1? 


80.21 
31.25 
82.29 
38.33 


31.72 
32.81 
33.91 
85.00 


83.23 
34.38 
85.52 
86.67 


84.74 
35.94 
87.14 
38.38 


36.25 
37.50 
38.75 
40.00 


37.76 
89.06 
'40.86 
41.67 


89.27 
40.63 
41.98 
43.38 


40.78 
42.19 
43.59 
45.00 


72.50 
75.00 
77.50 
80.00 






1 


• 


k 




. 






. 
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SHEET-METAL WORE 



69 



waOHTS OP PLAT ROLLED IRON PER UNBAR POOI. 

(Continued) 



1" 

1.46 
2JB 
4.88 
5.88 


7«" 


7)i" 


7^;/ 

1.61 
8J» 
4.84 
6.46 


8'' 

1.67 
8.88 
5.00 
6.67 


1.72 
a44 

5.16 
6.88 


8K" 


SH" 


Ul 
8.02 
4J» 
6.04 


iM 
8.18 
4.69 
6Je5 


1.77 
8.54 

5.81 
7.08 


1.82 
8.65 
5.47 
7J89 


7J» 

8.75. 

lOJSl 

11.67 


7.55 

9.06 

10.57 

12.06 


7.81 

9.88 

10.94 

12j50 


"8.07 

9.69 

11.80 

12.92 


8.88 
10.00 
11.67 
18.88 


8i9 
10.31 
12.08 
13.75 


8.% 
10.68 
12.40 
14.17 


9.11 
10.94 
12,76 
14.58 


18.18 
140^ 
16.04 
17i0 


18i9 
15.10 
16.61 
18.18 


14.06 
15.68 
17.19 
18.75 


14i8 
16.15 
17.76 
19.88 


15.00 
16.87 
18.88 
20.00 


16.47 
17.19 
18.91 
20.68 


15.94 
17.71 
19.48 
21JS5 


16.41 
18J28 
20.05 
21.88 


18.96 
20.42 
21.88 
28.88 


19.64 
21.15 
22.66 
24.17 


20.81 
21.88 
28.44 
25.00 


20.99 
22.60 
24je2 
25.88 


21.67 
28.88 
25.00 
26.67 


22.84 
24.06 
25.78 
27i0 


23.02 
24.79 
26.56 
28.38 


23.70 
2&JS2 
27.34 
29.17 


24.79 
26Je5 
27.71 
29.17 


25.68 
27.19 
28.70 
80J&1 


26.56 
28.18 
29.69 
81ji5 


27.45 
29.06 
80.68 
82JS9 


28.88 
80.00 
81.67 
88.88 


29i2 
80.94 
82.66 
34.88 


30.10 
81.88 
83.65 
35.42 


80.99 
82.81 
84.64 
36.46 


80.62 
88.08 
88.54 
85.00 


81.72 
88Jg8 
84.74 
86.25 


82:81 
84.88 
85.94 
87J0 


'88.91 
85 J2 
87.14 
88.75 


SI5.00 
86.67 
88.88 

40.00 

1 


86.09 
37.81 
89.53 
41J85 


87.19 
88.96 
40.73 
42.50 


38i8 
40.10 
41.98 
48.75 


86.46 
87.92 
89.88 
40.88 


87.76 
89Jg7 
40.78 
42i9 


89.06 
40.68 
42.19 
48.75 


40.86 
41.98 
48i» 
45JS1 


41.67 
48.83 
45.00 
46.67 


42.97 
44.69 
46.41 
48.18 


44Je7 
46.04 
47.81 
49.58 


45i7 
47.40 
49Je2 
51.04 


42.29 
48.75 
45JS1 
46.67 


48.80 
45.^1 
46.82 
48.38 


45.81 
46.88 
48.44 
50.00 

> 


46.82 
48.44 
50.05 
51.67 


48.38 
50.00 
51.67 
58.33 


49.84 
5U6 
53.28 
55.00 


51.85 
53.13 
54.90 
56.67 


52.86 
54.69 
56.51 
58.33 



12// 



2.50 

5.00 

7J5Q 

10.00 

12.50 
15.00 
17J>0 
20.00 

22.50 

25.00 
27.50 
80.00 

82.50 
85.00 
37.50 
40.00 

42.50 
45.00 
47i0 
50.00 

62i0 
55.00 
67i0 
60.00 

62i0 
65.00 
67iO 
70.00 

72.50 
75.00 
77.50 
80.00 
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SHEET-METAL WORE 



WaOHTS OP PLAT ROLLED IRON PER LINEAR POOl 

(Continued) 



lUdoM 
iiLhAm. 


9'' 

1.88 
8.76 
6.63 
7.50 


9Ji" 

1.98 
8.86 
6.78 
7.71 


9K" 

1.98 
8.96 
6.94 
7.92 


9«" 

2.08 
4.06 
6.09 
8.13 


i<y' 

2.08 
4.17 
6.25 
8.83 


lOi" 

2.14 
4J27 
6.41 
8.54 


2.19 
4.38 
6.56 
8.75 


2JH 
4.48 
6.72 
8.96 


12" 


1 


2J>0 

5.00 

7.50 

10.00 


} 


9.88 
11J86 
18.13 
16.00 


9.64 
11.56 
13.49 
15.42 


9.90 
11.88 
13.85 
15.83 


10.16 
12.19 
14Jg2 
16^5 


10.42 
12.50 
14.68 
16.67 


10.68 
12.81 
14.95 
17.08 


10.94 
13.13 
15.31 
17.50 


11J80 
13.44 
15.68 
17.92 


12.50 
15.00 
17.50 
20.00 


1 


16.88 
18.76 
20.63 
22.50 


17.34 
19.27 
2\J20 
23.13 


17.81 
19.79 
21.77 
23.75 


18i8 
20.81 
22.34 
24J8 


18.76 
20.88 
22.92 
26.00 


19JIS2 
21.35 
23.49 
25.62 


19.69 
21.88 
24.06 
26JB5 


20.16 
22.40 
24.64 
26.88 


22.60 
25.00 
27.50 
30.00 


,2 


24.88 
26ii5 
28.13 
30.00 


25.05 
26.98 
28.91 
30.83 


25.78 
27.71 
29.69 
31.67 


26.41 
28.44 
80.47 
82.50 


27.08 
29.17 
81J36 
33.33 


27.76 
29.90 
32.08 
84.17 


28.44 
30.68 
82.81 
35.00 


29.11 
31.35 
33.59 
35.83 


32.50 
35.00 
37.50 
40.00 


1 


81.88 
83.75 
85.63 
87.50 


32.76 
34.69 
36.61 
38.54 


33.66 
35.63 
37.60 
39.58 


84.58 
86.56 
38.59 
40.63 


35.42 
37.50 
39.58 
41.67 


36.30 
38.44 
40.57 
42.71 


87.19 
39.38 
41.56 
43.75 


38.07 
40.31 
42.55 
44.79 


42.50 
45.00 
47.50 
50.00 


It 


89.38 
41.25 
43.18 
45.00 


40.47 
42.40 
44.32 
46.25 


41.56 
43.54 
45.52 
47.50 


42.66 
44.69 
46.72 
48.75 


43.76 
45.88 
47.92 
50.00 


44.84 
46.98 
49.11 
51J35 


45.94 
48.13 
50.31 
52.50 


47.03 
49JB7 
51.51 
53.75 


52.50 
55.00 
57.50 
60.00 


It 


46.88 
48.75 
50.63 
52.50 


48.18 
50.10 
52.03 
53.96 


49.48 
51.46 
53.44 
55.42 


50.78 
52.81 
54.84 
56.88 


52.08 
54.17 
56.25 
58.33 


58.39 
55.52 
57.66 
59.79 


54.69 
56.88 
59.06 
61.25 


55.99 
58.23 
60.47 
62.71 


62.50 
65.00 
67.50 
70.00 


1*? 


54.38 
56JS5 
58.13 
60.00 


65.89 
57.81 
59.74 
61.67 


57.40 
59.38 
61.35 
63.33 


58.91 
60.94 
62.97 
65.00 


60.42 
62.50 
64.58 
66.67 


61.93 
64.06 
66.20 
68.33 


63.44 
65.63 
67.81 
70.00 


64.95 
67.19 
69.43 
71.67 


72.50 
75.00 
77.50 
80.00 










1 
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SHEET-METAL WOBE 



n 



WEIQHTS OP FLAT ROLLED IRON PER UNBAR FOOT. 

(Concluded) 



AkkaMi 



ir' 



iif^ 



4.68 
6.88 
9.17 

11.46 
18.75 
16.04 
18.83 

20.68 
22.92 
25J31 
27.50 

29.79 
82.06 
84.88 
36.67 

88.96 
41J35 
43.54 
45.88 

48.18 
50.42 
62.71 
55.00 

67.29 
59.58 
61.88 
64.17 

66.46 
68.75 
71.04 
73.83 



llj" 



2.84 
4.69 
7.03 
9.88 

11.72 
14.06 
16.41 
18.75 

21.09 
28.44 
25.78 
28.18 

80.47 
82.81 
85.16 
87.50 

89.84 
42.19 
44.58 
46.88 

49i2 
51.56 
53.91 
56J» 

68^9 
60.94 
63JB8 
65.68 

67.97 
70.81 
72.66 
75.00 



113" 



I 



2.40 
4.79 
7.19 
9.58 

11.98 
14.38 
16.77 
19.17 

21i»6 
28.96 
26.85 
28.75 

81.15 
83.54 
85.94 
88.83 

40.73 
43.13 
45.52 
47.92 

50.81 
52.71 
55.10 
57.50 

59.90 
62.29 
64.69 
67.08 



12'' 



71.88 
74.27 
76.67 



2.45 
4.90 
7.34 
9.79 

12JM 
14.69 
17.14 
19.58 

22.08 
24.48 
26.98 
29J» 

81.82 

ujn 

86.72 
89.17 

41.61 
44.06 
46.51 
48.96 

51.41 
53.85 
56.30 
58.75 

61J20 
63.65 
66.09 
68.54 

70.99 
73.44 
75.89 
78.88 



121'' 



2.60 

5.00 

7.50 

10.00 

12.60 
15.00 
17.50 
20.00 

22.60 
25.00 
27.50 
80.00 

82.60 
85.00 
87.50 
40.00 

42.60 
45.00 
47.50 
50.00 

62.50 
65.00 
57.50 
60.00 

62.60 
65.00 
67.50 
70.00 

72.60 
75.00 
77.60 
80.00 



2.65 

5.10 

7.66 

10J31 

12.76 
15.81 
17.86 
20.42 

22.97 
25.52 
28.07 



12J" 



38.18 
85.78 
88je8 
40.88 

48.89 
45.94 
48.49 
51.04 

53.59 
56.15 
68.70 



66.85 
68.91 
71.46 

74.01 
76.56 
79.11 
81.67 



2.60 

5JS1 

7.81 

10.42 

18.02 
15.68 
18J» 
20.83 

28.44 
26.04 
28.^ 
9iSai 

88.85 
86.46 
89.06 
41.67 

44J^ 

46.88 
49.48 
52.08 

64.69 
57JK) 
59.90 
62.60 

65.10 
"67.71 
70.81 
72.92 

76.62 
78.18 
80.78 
83.33 



12J" 



2.66 

5.81 

7.97 

10.68 

18J38 
15.94 
18.59 
21i5 

28.91 
26.56 
29J32 
81.88 

84.68 
87.19 
89.84 
42.50 

45.16 
47.81 
60.47 
53.13 

65.78 
58.44 
61.09 
68.75 

66.41 
69.06 
71.72 
74.88 

77.08 
79.68 
82.34 
85.00 



jSM 
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29 



SHEET-METAL WORK 



SQUARE AND ROUND IRON BARS. 



■ ■• I 






t 

! 

i 

If 
I 

I 

! 

t 
I 



OBtlbOtlOBf. 



.018 
.062 
.117 

.206 
.826 
.469 
•638 

.833 
1.066 
1.302 
1.676 

1.876 
2.201 
2.662 
2.930 

3.333 
3.763 
4.219 
4.701 

6.208 
6.742 
6.302 
6.888 

7.600 
8.138 
8.802 
9.492 

10.21 
10.96 
11.72 
12.61 



▼Mgkiof 

OMfMil«Bg. 



.010 
.041 
.092 

.164 
.266 
.368 
.601 

.664 

.828 

1.023 

1.237 

1.473 
1.728 
2.004 
2.301 

2.618 
2.966 
3.313 
3.692 

4.091 
4.610 
4.960 
6.410 

6.890 
6.392 
6.913 
7.466 

8.018 
8.601 
9.204 
9.828 



ArMi«r 



.0039 
.0166 
.0362 

.0626 
.0977 
.1406 
.1914 

.2500 
.3164 
.3906 

.4727 

.6626 
.6602 
.7666 
.8789 

1.0000 
1.1289 
1.2666 
1.4102 

1.6626 
1.7227 
1.8906 
2.0664 

2.2600 
2.4414 
2.6406 

2.8477 

3.0626 
3.2862 
3.6166 
3.7639 



Am of 

O B« 

i]iil.i]uka. 



.0031 
.0123 
.0276 

.0491 
.0767 
•1104 
.1603 

.1963 
.2486 
•3068 
.3712 

.4418 
.6186 
.6013 
.6903 

.7864 

.8866 

.9940 

1.1076 

1.2272 
1.3630 
1.4849 
1.6230 

1.7671 
1.9176 
2.0739 
2.2366 

2.4063 
2.6802 
2.7612 
2.9483 



13.33 


10.47 


4.00D0 


3.1416 


14.18 


11.14 


4.2639 


3.8410 


16.06 


11.82 


4.6166 


3.6466 


16.96 


12.63 


4.7862 


3.7683 


16.88 


13.26 


6.0626 


3.9761 


17.83 


14.00 


6.3477 


4.20P6 


18.80 


14.77 


5.6406 


4.4301 


19.80 


16.66 


6.9414 


4.6664 


20.83 


16.36 


6.2600 


4.9087 


21.89 


17.19 


6.6664 


6.1672 


22.97 


18.04 


6.8906 


6.4119 


24.08 


18.91 


7.2227 


6.6727 



d QUr 

iniiiehai. 



.1963 
.3927 
.6890 

.7864 

.9817 

1.1781 

1.3744 

1.6708 
1.7671 
1.9636 
2.1698 

2.3662 
2.6626 
2.7489 
2.9462 

3.1416 
3.3379 
3.6343 
3.7306 

3.9270 
4.1233 
4.3197 
4.6160 

4.7124 
4.9087 
6.1051 
6.3014 

6.4978 
6.6941 
6.8905 
6.0868 

6.2832 
6.4795 
6.6769 
6.8722 

7.0686 
7.2649 
7.4613 
7.6576 

7.8540 
8.0503 
8.2467 
8.4430 
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SQt/ARB AND ROUND IRON BARS. 

(Ccmdaded) 



TUekam 

irSumettt 

hlodiM. 


r nUar 
One foot loB(. 


▼eight of 

O B« 

One Foot long. 


Am of 
in u. induflk 


Am of 
inii.uLeki. 


CLrauufennos 

of OBtt- 

iAindM. 


« 


26.21 
26.37 
27.65 
28.76 


19.80 
20.71 
21.64 
22.69 


7.6626 
7.9102 
8.2666 
8.6289 


6.9396 
6.2126 
6.4918 
6.7771 


8.6394. 
8.8367 
9.0321 
9.2284 


d 


80.00 
31.26 
32.66 
33.87 


23.66 
24.66 
25.67 
26.60 


9.0000 
9.3789 
9.7666 
10.160 


7.0686 
7.3662 
7.6699 
7.9798 


9.4248 
9.6211 
9.8175 
10.014 


i 


86.21 
36.68 
37.97 
39.39 


27.66 
28.73 
29.82 
30.94 


10.563 
10.973 
11.391 
11.816 


8.2968 
8.6179 
8.9462 
9.2806 


10.210 
10.407 
10.603 
10.799 


1 


40.83 
42.30 
43.80 
46.33 


32.07 
33.23 
34.40 
35.60 


12.260 
12.691 
13.141 
13.698 


9.6211 
9.9678 
10.321 
10.680 


10.996 
11.192 
11.388 
11.685 


1 


46.88 
48.46 
60.06 
61.68 


36.82 
38.06 
39.31 
40.69 


14.063 
14.636 
16.016 
16.604 


11.046 
11.416 
11.793 
12.177 


11.781 

11.977 

12.174 

.12.870 


4 


63.33 
65.01 
56.72 
68.46 


41.89 
43.21 
44.66 
46.91 


16.000 
16.604 
17.016 
17.536 


12.566 
12.962 
13.364 
13.772 


12.666 
1^763 
12.969 
13.165 


i 


60.21 
61.99 
63.80 
66.64 


47.29 
48.69 
60.11 
61.55 


18.063 
18.698 
19.141 
19.691 


14.186 
14.607 
16.033 
15.466 


13.352 
13.648 
13.744 
13.941 


i 


67.60 
69.39 
71.30 
73.24 


53.01 
54.60 
66.00 
67.52 


20.260 
20.816 
21.391 
21.973 


15.904 
16.349 
16.800 
17.257 


14.137 
14.334 
14.630 
14.726 


i* 


76.21 
77.20 
79.22 
81.26 


69.07 
60.63 
62.22 
63.82 


22.663 
23.160 
23.766 
24.379 


17.721 
18.190 
18.665 
19.147 


14.923 
16.119 
16.315 
16.512 


.« 


83.33 


66.46 


26.000 


19.636 


15.708 
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• «« «X 

» i5 zA 

4 «4 xH 12K 

«««3JixA 9 

8 iS xH..: 7 

«H«2«xA 6 

tUt^H^H, *H 



ANQtBIRON. 
Weight Per Linear Foot. 

2 



24 Lba 



x2 tH JSH 

xlSixft 2% 

lJixl«xft 2 

IJixlJixA 1« 

1 zl xH 1 

X «zH X 



i 


x8 


«« 


1 


z6 


x« 


6 


i3 


xK 


4 


x4 


xK 



TBB IRON. 
Welsht Per Linear Foot. 



30 Lba 

30 * 

16H - 

M « 

8«f8JizJ^ 12H - 

8 x8 z?| 7M • 

8«x2JixK 8 - 

««xaj<zA 6 " 



ZHxZH^H * "■ 

2 z2 zM 8^ 

IMxlMxJi 3 

IJixlKxM 

IJ^zlJ^zJi 

1 zl zH 1 

X SCxJ^ H 
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COHSTRUCTION DRAWINa 
SKOVSTIMCX 

SHEET /^ETAL DRUM AND VEMTILATOR IN 

VEriTILATIOH WORK 



^liivel 




SecfioneJ. viev\r shovN^in^ venlUaJL\on 

pipes connected to drum in sJtic 

©wlso sfe^m coils in drum to 

creas.te suction. 



5HEET METAL WORK. 

PAKT II. 



ELEVATION 



PROBLEnS FOR LIGHT QAUQE ilETAL. 

It is often the case that the sheet 
metal worker receives plans for 
vent, heat, or blower pipes to be 
constructed, in which the true 
lengths and angles are not shown 
but must be obtained from the 
plans or measurements at the 
building. 

Figs. 65 and 66 show the prin- 
ciples employed for obtaining the 
true angles and lengths in oblique 
piping, it being immaterial whether 
the piping i? round, square, or oval 
in section. The only safe way in 
obtaining these angles is to use the 
center line as a basis and after this 
line has been obtained, build the 
pipe around it, so to speak. In Fig. 
65 let A B represent the eleva- 
tion of the elbow shown in plan by 
D E. Through the center of the 
pipes draw the center line ah cd 
which intersect the center lines of 
the pipe in plan at e andyi In ele- 
vation the rise of the middle piece 
B on the center line is equal to A <? 
and projects to the right a distance 
equal to h A, shown in plan by^y*; 
this same pipe projects forward in 
W^hile the miter lines in elevation i j 




PLAN 



Fig. 65. 

plan a distance equal toe a. 
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and Jc I have been drawn straight, they would in reality show curved 
lines; those lines have not been projected as there is no necessity 
for doing so. 

With the various heights and projections in plan and eleva- 
tion the true length and true angles are obtained as shown in Fig. 




TRUE LENGTH AND 
ANGLES 




Fig. 66. 

66, in which draw the horizontal line ^y equal to efin plan in 
Fig. 65. Take the height from h to c and place it from/* to c in 
Fig. 66 on a vertical line erected from f. Draw a line from e to 
e which is the true length on the center line of the pipe shown by 
B in elevation in Fig. 65. From the points c and e in Fig. 66 
draw perpendicular lines, making Y ^ X and X (? Z = the true angles 
shown by <^ J X and X. c d respectively in Fig. 65. On either 
side of the center line in Fig. 66 lay off the half diameter of the 
pipe as shown, and in its proper position draw the profile W. 
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Divide this into equal spaces and obtain the pattern A B D E C 
in the usual manner. As both angles are similar the miter cut 
C E D can be used for all of the patterns. In drawing this prob- 
lem for practice make the diameter of the pipe 2 inches, the height 
from A to c 3| inches in Fig. 65, the projection i to A 3| inches, 
and the proje^ion m plan eto a 5^ inches. 

Our next problem is that of a rain-water cut-oflE, a perspective 
viewof which ia shown in Fig. 67. While the miter cuts in this prob- 
lem are similar to elbow work the intersection between the two 
beveled arms, and the cut-off or slide on the inside reqnire atten- 
tion. Make the diameter of the 
three openings each 2 inches; A 
to B (Fig. 68) li inches. From 
B at an angle of 45° draw B C 3^ 
inches and D 2 inches. From 
G- draw the vertical miter line 
G A. Make the distance from B 
to T ^ inch. Place the line d e 
of the cut-off J inch above the 
line T U as indicated at a and 
the line e c to the right of h G, as 
indicated by 5, a distance of ^V 
inch. Parallel to G H draw o d 
giving slight play room between 
G H, intersecting et? and 6 c at (^ and c respectively. From cat right 
angles to d c, draw a line as shown, intersecting A G aty, which is 
the pivot on which the cnt-off c d e will turn either right or left. 
The angles of the pipes on opposite aides are constructed in similar 
manner; ABCDEFGHIJKLM will be the elevation, N, 
the section on A M and O P R S the section on IJ. B T U L 
shows bow far the upper tube projects into the body under which 
the scoop e d c turns right and left to throw the rain water into 
either elbow as desired. The pattern for the upper piece A T U M 
is a straight piece of metal whose circumference is equal to N, 

For the pattern for (A), divide the half section O P R into 
equal spaces as shown, from which erect lines intersecting the miter 
line H IC as shown, and from which, parallel to K L and li vr, draw 
lines intersecting the joint lines G A L as shown. As none of the 




"ig. 67. 
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lines just drawn rntersect the corner /*, it will be necessary to ob- 
tain this point on the half section O P R from which the stretch- 
out of the pattern is taken. Therefore from A, parallel to L K 
draw h h* intersecting H K at A', from which, parallel to K J, drop 
a line intersecting the profile O P B S at A". At right angles to 
L K draw stretchout of O P R S as shown by similw numbers oa 
T* U*, through which at right angles to T^ U* draw lines which are 
intersected by lines drawn at right angles to L K from similar in- 

z 



_N _ _ 






/f / 



^ 









■^■ 



.\: 



^ 



yy^^i y/ 



\rv 









vCv 



/ 



\ \, 



N y^. 



^^( 



E I 

ELEVATION 



I I 



L_-^d'-5: 



I I 



^4V 



Fig. 68. 

tersections on G A L and H K. A line traced through points thus 
obtained as shown by X Y Z V W will be the pattern for (A). 
From y in the elevation at right angles to L K project a line inter- 
secting the miter cut X Y Z at y andy*". At/*' and/*" holes are 
to be punched in which the pivot f oi the scoop c d e in elevation 
will turn. 

While the pattern for (B) can be obtained as that for (A) was 
obtained, a short method is to take the distance K to J and place 
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it as shown from W to J^ and V to P on the lines of the pattern 
X W and Z V respectively extended. W V J^ J^ will be the pat- 
tern for B. 

To avoid a confusion of lines in the development of the scoop 
or cut-off cd e, this has been shown in Fig. 69 in which dec is sl 
reproduction of de c in Fig. 68. A true section of the scoop must 
now be drawn on a? ^ in Fig. 69 so that its dimensions will allow 
it to turn easily inside of the joint line G 7i in elevation in Fig. 
68. Therefore draw any horizontal line as 4 5 in Fig. 69, at right 
angles to which from/* draw a vertical line intersecting 4 5 at /*. 
J^^ow take a distance -^^ inch less 
than one-half the diameter of O R 
in Fig. 68, and place it in Fig. 69 
on either side of the line 4 5 on the 
vertical line just drawn as shown 
from / to 2 and /to 2'. Extend 
d G till it intersects 4 5 at 4. Draw a 
line from 4 to 2'; by bisecting this 
line we obtain the line a b intersect- 
ing 4 5 at i. Then with i as center 
audi 2' as radiugr, describe the arc 2' 2. 
From 2 and 2' draw horizontal lines equal to / ^ as shown by 2 1 
and 2' 1'. Then will 1 4 1' be the true section on x e. Divide 
the half section into equal spaces as shown from 1 to 4, from which 
erect lines intersecting e e and e d. Extend a? ^ as xj^ upon which 
place the stretchout of 1 4 1' as shown by similar numbers on a? /, 
through which draw vertical lines. These lines intersect with hori- 
zontal lines drawn from similar intersections on d e c. Through 
points thus obtained draw the line 1 nV m which is the desired 
pattern. As the pivot hole /falls directly on line 2, then f'"f'' 
will be the position of the holes in the pattern. Laps must be 
allowed to all patterns. 

In putting up rectangular hot air pipe it is often the case 
that the pipe will be placed in the partition of one story, then has 
to fall forward and twist one quarter way around to enter the par- 
tition of the upper story which runs at right angles to the lower 
one. A perspective view showing this condition is shown in Fig. 
70, where the upper opening turns one quarter on the lower one 




Fig. 69. 
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and leaning to the right ae much sb is shown Id Fig. 71 in plan. 
This problem ie known as a trsDBition piece in a rectangnlar pipe. 
Full size measuremeats are given in P'ig. 71 which should be 
drawn one-half size. The height of the transition piece is 1 foot 
8 inches, the size of the openings, each 4 X 10 inches tnrned as 
shown, two inches to the left and two inches above the lower section 
ae shown. From the plan construct the front and side elevations as 
shown by the dotted lines. ABODandEFGH will then be 
the front and side elevations of the transition piece respectively 



FRONT ELEVATION 



n 



s 



Pig. 70. 




Fig. 71. 



equal to 20 inches or 10 inches for practice. Number each side 
of the plan (a), (b), (^c), and (^d). Through the front and side 
elevations draw the vertical and horizontal lines S T and U V 
respectively at pleasure. These lines are only used as bases for 
measurements in determining the patterns. For the pattern for 
the side marked (a) in plan take the length of B C and place it 
on the vertical line B C in Fig. 72. Through the points B and 
C draw the horizontal lines £ F and K G, making B F and B £, 
and C G and C H equal respectively to the distances measured from 
the line U V in Fig. 71 to points F, E, G, H. Draw lines from 
E to H and F to G in Fig. 72, which is the pattern for (a). 
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For the pattern for (b) in Fig. 71 take the distance of A D, 
and place it as shown by A D in Fig. 72; through A and D draw 
E F and H G, making A F and A E, and D G and D H equal 




respectively to the distances measured from the line U V in side 
elevation in Fig. 71 to points F, E, G, H. Draw lines from E 
to H and F to G in Fig. 72, which will be the pattern for (b). In 
similar manner obtain the patterns for (c) and (d) in plan in Fig. 71. 
The lengths of E H and F G are placed as shown by similar letters 





Fig. 73. 



Pig. 74. 



in Fig. 72, while the projections to A, B, C, D are obtained 
from A, B, C, D in front elevation in Fig. 71, measuring in 
each instance from S T. 

If desired the top and lower flange shown in the perspective 
in Fig, 70 can be added to the patterns in Fig. 72. Laps are 
allowed to the patterns to allow for double seaming at corners, if, 
however, the pattern should be required in one piece, it would only 
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be necessary to join the various pieces in their proper positions as 
shown hj a d h c \n Fig. 73, which would bring the seam on the 

line J N in plan in Fig. 71. 
In Fig. 74 is shown a per- 
spective view of a curved 
rectangular chute the con- 
struction of which arises in 
pipingandblowerwork. The 
problem as here presented 
shows the sides a and a in 
vertical planes having the 
same height, while the bot- 
tom i has more width than 
the top c. The top opening 
is to rise above the bottom 
opening a given distance 
equal to C. First draw the 
plan and elevation as shown 
in Fig. 75, make A B equal to 
2 inches, B 8 2J inches; with 
a radius equal to J inch, with 
a as center draw the quarter 
circle 8 2. From 2 draw the 
vertical line 2 C equal to 1§ 
inches and draw C D equal to 
IJ inches. Make D 1 equal 
to 2 and using a as center 
and ^ 1 as radius draw the 
arc 1 h. From A draw a 
line tangent to 1 J as A 7. 
A B C D will be the plan of 
the chute. In line with A B 
draw the section S T U V. 
In line with D C draw the 
section EFI H as shown. 
Place the desired rise of the 
chute as shown by F i in ele- 




^ 



Fig. 75. 
ration and from i draw a horizontal line as i K, which intersect by 
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a line drawn from A B in plan as shown. Make K J equal to F E 
and draw the lines F K, K I, and E J, J H. F E J K is the eleva- 
tion of the outside curve, H I K J the inside curve, F I K the 
bottom, and E H J the top. 

Having the plan and elevation in position we will first draw 
the pattern for the two vertical sides. For the pattern for the side 
of the chute shown by B C in plan proceed as follows: Divide 
the inner curve 2 to 8 into equal parts as shown by 2-4-6 and 8, 
from which points drop lines intersecting the inside of the chute in 
plan HJKIas shown. At right? angles to J K draw LM, upon which 
place the stretchout of B C in plan as shown by similar letters and 
numbers on L M, through which draw vertical lines which inter- , 
sect lines drawn parallel to L M from H J. Through points thus 
obtained draw the line K 2^ ^v qv gv^. The same method can 




6' 



-..7'_..-«^ 



^b 



a 



6 7 

Fig. 76. 

be employed for the curve P O, but as the height H I and J K are 
equal, having a common profile B C, take the height of H I or J K 
and place it on vertical lines as R P and N O and trace the curve 
li N as shown by P O. -N O P K is the pattern for C B in plan; 
To obtain the pattern for the outside curve divide the curve 1-7 
into equal parts as shown, from which drop vertical lines inter- 
secting similar points in E J K F, in elevation at right angles to 
E F draw W X, upon which place the stretchout of D A in plan as 
shown. From the divisions on W X drop vertical lines, which 
intersect by lines drawn from similar numbered intersections on 
E J. Trace a line through these points as shown by c/'and draw 
d e SLQ explained in connection with the inside pattern, c d ef\% 
the pattern for the outside of the chute shown in plan by D A. 

As both the top and bottom of the chute have the same bevel, 
the pattern for one will answer for the other. Connect opposite 
points in plan as shown from C to 1 to 2 to 3 up to 8, then to A. 
In similar manner connect similar points on the bottom in eleva- 
tion as shown from 1 to 2 up to K. The lines in plan represent 
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the baecB of tbe sections whose altitudes are equal to the rarioua 
heights in elevation, measured from i K. Take the various lengths 
from 2to3to4to5to6to7to8toAiD plan and place them as shown 
by similar numbers on tbe horizontal line a h (Fig. 76); through 
a h draw vertical lines, equal in height to similar nambers in ele- 
vation, in Fig. 75, measured from the line i K. For example take 
the distance 4 5 in plan and place it as shown by 4 6 in Fig. 76. 
Erect perpendiculars 4 4' and 5 5' equal to 4" 4 and 5" 5 in eleva- 
tion in Fig. 75. Draw a line from 4' to 5' in Fig. 76, which is the 
true length of 4 5 in plan in Fig. 75. Proceed in similar manner 
for the balance of the sections. Take a tracing of 1 2 C D in plan 
and place it as shown by 1, 2, C, D in Fig. 77. Now using 1 ae 




n 



Pig. 77. 



center and 1^ 3"' in (»), in Fig. 75, as radius, describe the arc at 
3, in Fig. 77, which is intersected by an arc, struck from 2 as 
center, and 2' 3', in Fig. 76, as radius. Now with radius equal to 
2v 4v in ( Y) in Fig. 75 and 2 in Fig. 77 as center, describe the 
arc at 4 which is intersected by an arc, struck from 3 as center and 
3' 4', Fig. 76, as radius. Proceed in this manner, using alternately 
as radius, first the divisions in the pattern (X), Fig. 75, then the 
slant lines in Fig. 76, the divisions in tbe pattern (Y), Fig. 75, 
then again the lines in Fig. 76 until the line 7 8, Fig. 77, has been 
obtained. Then using? as center, with a line equal to 7^ in (X), 
Fig. 75, as radius, describe the arc A, Fig. 77, which is inter- 
sected by an arc struck from 8 as center and 8' A, Fig. 70, 
as radijs. Then with radius, equal" to 8^ N in (Y), Fig. 75, and 
8, Fig. 77, as center, describe the arc B, which is intersected 
by an arc, struck from A as center and A B in plan ia Fig. 75 
fts raaiuB. Trace lines tbro'igh puiuta thus obtained ia Fig- 77, 
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and A B C D. will be the desired pattern. Laps must be allowed 
on all patterns for double seaming the corners. 

In Fig. 78 is shown a perspective view of a hopper register 
box usually made from bright tin or galvanized iron in hot air 
piping. In drawing this problem, the student should first draw 
the half plan, making the semi- 
circle 3| inches diameter, and 
placing it directly in the center 
of the rectangular top, which 
is 3| inches wide and. 5| inches 
long. Draw the elevation from 
the plan as shown by A B D 
E F G H, making thfe vertical 
height V W, 2J inches, and the 
flanges at the top and bottom 
each ^ inch. I K L M in plan 
is the horizontal section on A B 
in elevation and O P R the sec- 
tion on E F. 

The pattern will be devel- 
oped by triangulation, and the 
first step is to develop a set of triangles. Divide the quarter circle 
O E into equal spaces, as shown by the numbers 1 to 7 in plan, from 
which draw lines to the apex M. These lines represent the bases 
of triangles whose vertical height is equal to V W in elevation. 
Therefore, in Fig. 80, draw any horizontal line as TTJ, upon which 

place the various lengths M 1, M 2, M 3, etc.) 
Fig. 79) as shown by similar numbers on 
T U. From T U erect the line T S eqval to 
the vertical height V W (Fig. 79). Then 
draw the hypotenuses SI, S 2, S 3, etc., in 
Fig. 80, which represent the true lengths of 
similar numbered lines in plan in Fig. 79. 
For the half pattern with seams on I O and 
P K in plan, take a tracing of D V W in elevation and place it 
as shown by D V 7 in Fig. 81. Now using D as center, and with 
radii equal to the various slant lines in Fig. 80 from S 1 to S 7 ^ 
strike small arcs as shown from 1 to 7 in Fig. 81. Set the dividers 
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eqaal to the spaces contained id O B, in Fig. 79, and starting from 
poiot 7, in Fig. 81, step from one arc to another until 1 is obtained. 
Then naing 1 ae center and E D (Fig. 79) as radius describe 
the arc D' in Fig. 81. "With D as center and M I in plan in Fig. 




Fig; 81. 
79 AS radius, draw another arc intersecting the one previously 
drawn at D'. Draw a line froml to D' to D in Fig. 81, 7 1 D' D V 
is the quarter pattern, and the left-hand side of the tigore may be 
made by tracing the quarter pattern reversed as shown by V C D" 
1' 7. Take the distance of the flange D A in elevation in Fig. 79 
and place it at right angles to the line D' D, D C, C D" as shown 
ruspectively by A" A', A A*^ and A^ A^, which completes the half 
pattern with laps allowed as shown 

The pattern for the collar E F G H in 
elevation in Fig. 79 is simply a straight 
strip of- metal, equal to the circumference 
of O P R in plan. 

It is often the case that two unequal 
pipes are to be connected by means of a 
transition piece as shown by A in Fig. 82, 
the ends of the pipes being cut at right 
angles to each other. As the centers of 
both pipes are in one line when viewed in plan, making both 
halves of the transition piece equal, the problem then consists of 
developing a transition piece, from a round base to a round top 
placed vertically. Therefore in Fig. 83 draw 1 5 equal to 2i inches, 
and at an angle of 45° draw 5 6 1| inches. At right angles to 1 5 
draw 6 10 4 inches long and draw a line from 10 to 1. On 1 5 draw 
the semicircle 1 3' 5, and on 6 10 draw the semicircle 6 8' 10. 
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Divide both of these into equal spaces as shown, from which draw 
lines perpendicular to their respective b^se lines. Connect opposite 
points as shown by the (lotted lines, and construct a diagram of 




g^ 
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Pig. 84. 

sections as shown in Fig. 84 whose bases and heights are equal to 
similar numbered bases and heights in Fig. 83. For example, take 
the distance 4 8 and place it as shown by 4 8 in Fig. 84, from which 
points erect the "">rtical lines 4 4' and 8.8' equal to 4 4' and 8 8' in 
Fig. 83. Draw a line Irom 4' to 8', Fig. 84, which is the true 




Fig. 85. 

length on similar line in Fi 
tance of 1 10 and place it 



Fig. 86. 



i3. For the pattern take the dis. 

lown by 1 10 in Fig. 85. Using 1 
as center, and 1 2', Fig. 83, as radius, describe the arc 2 in Fig. 85; 
intersect it by an arv struck from 10 as center and 10 2', Fig. 84, 
as radius. Then using 10 9' in Fig. 83 as radius, and 10, Fig. 85, as 
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center, describe the arc 9, and intersect it by an arc struck from 2 
as center, and 2' 9', Fig. 84, as radius. Proceed in this manner 
using alternately as radii, first the divisions in the half profile 
1 3' 5, Fig. 83, then the length of the proper hypotenuse in Fig 
84, then the divisions in 6 8' 10 in Fig. 83; then again the hypot- 
enuse in Fig. 84 until the line 5 6 in Fig. 85 has been obtained, 
which is equal to 5 6 in Fig. 83. Laps, should be allowed for 
riveting and seaming as shown. 






Bt- 



J_ 



f-b 



I Ms 



5 4 3 2 I 



ELEVATION 




C-IOf 4 



PLAN 



Fig. 87. 



In Fig. 86 is shown a perspective of an offset connecting 
a round pipe with an oblong pipe, having rounded corners. 

The first step is to properly draw the elevation and plan as 
shown in Fig. 87. Draw the horizontal line A B equal to one 
inch, B 5' one inch, and from 5' at an angle of 45° draw 5' 6' equal 
to 2J inches and 6' C IJ inches. Make the diameter D 2| inches 
and D f 0' 1| inches. Make A 1' J inch and draw a line from 1' to 
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10' which completes the elevation. Directly above the line A B 
draw the section of the oblong pipe, making the sides 1 1 and 5 5 
equal to IJ inches, to which describe the semicircles on each end 
as shown. In similar manner draw the section on D 0, which is 
phown by 6 8 10 8. A duplicate of the oblong pipe is also shown 
in plan by E F, showing that the centers of the pipe come in one 
line, making both halves symmetrical. 

The patterns for the pipes will first be obtained. Divide the 
semicircular ends of the oblong section into equal parts, in this 
case four, also each of the semicircles of the round pipe in similar 
number of parts as shown respectively from 1 to 5 and'6 to 10. Draw 
vertical lines from these intersections cutting the miter line of the 
oblong pipe at 1' 2' 3' 4' 5' and the miter line of the round pipe at 
6' 7' 8' 9' and 10'. In line with A B draw 
B M, upon which place the stretchout of 
the oblong pipe as shown by similar num- 
bers; from B M drop vertical lines inter- 
secting the lines drawn parallel to B M 
from similarly numbered points on 1' 5'. 
Trace a line through points thus obtained, 

and P N O will be the pattern for the oblong pipe. Now take the 
stretchout of the round pipe, and place it on C H; erect vertical lines 
as shown intersecting the lines drawn parallel to C H from similar 
intersections oh 6' 10'. I J H C is the pattern for the round pipe. 

The transition piece 1' 5' 6' 10' will be developed by triangu- 
lation, and it is usual to obtain true sections on the lines 1' 5' and 
6' 10'; however, in this case it can be omitted because we have the 
true lengths of the various divisions on the lines 1' 5' and 6' 10' in 
the miter cuts in P and L respectively. 

The nex!t step is to obtain a diagram of sections giving the 
true lengths, for which proceed as follows: Connect opposite points 
in elevation as shown from 1' to 9' to 2' to 8' to 3' etc., as shown. 
For example draw center lines through the oblong and round sec- 
tions as shown by a J and c d respectively, and take the length of 
r 10' in elevation and place it as shown from 1 to 10 in Pig. 88. 
From 1 draw the vertical line 1 1' equal to the height of 1 in the 
oblong section in Fig. 87 above the center line a h. As point 10 
in plan has no height, it falls on the center line c d \x\ plan, then 
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draw a line from 1' to 10 in Fig. 88. Now take the distance from 
1' to 9' in elevation, Fig. 87, and place it as shown from 1 to 9 in 
Fig. 88. Erect the lines 1 1' ^nd 9 9' equal to points 1 and 9 in 
the oblong and round sections in Fig. 87, measured respectively 
from the lines a h and e d. Draw a line from V to 9' in Fig. 87. 
Proceed in this manner until all of the sections are obtained. For 
the pattern proceed as shown in Fig. 89, in which draw any verti- 
cal line as e 10 equal to V 10' in elevation in Fig. 87. Now, with 
one-half of 1 1 in pattern P as ^ 1 as radius, and e in Fig. 89 as 
center, describe the arc 1 which is intersected by an arc struck 
from 10 as celiter and 10 1', in Fig. 88 as radius. With radius 
equal to 10" 9" in pattern L in Fig. 87, and 10 in Fig. 89 as center 
describe the arc 9, which is intersected by an arc struck from 1 ap 
center and 1' 9', in Fig. 88 as radius. Now, using as radius 1" 2" 
in pattern P in Fig. 87 and 1 in Fig. 89 as center, describe the 
arc 2 which is intersected by an arc struck from 9 as center and 
9' 2' in Fig. 88 as radius. 

Proceed in this manner, using alternately as radii, first the 
divisions in the pattern cut I J, Fig. 87, then the length of the 
slant lines in Fig. 88, the divisions in the cut O N in Fig. 87, then 
again the slant lines in Fig. 88 until the line 5 6 in pattern. Fig. 
89, has been obtained. Then using 5 as center and 1 ^ in P, Fig. 
87, as radius, describe the arc e' in Fig. 89, and intersect it by an 
arc struck from 6 as center and 6' 5' in elevation in Fig. 87 as 
radius. Draw lines through the various intersections in Fig. 89; 
10 e e' Q is the half pattern. By tracing it opposite the line e 10, 
iks shown by ^ r 5' e" G' 10, the whole pattern, e e e" 6' 10 6j 
is found. Laps should be allowed on all patterns for seaming or 
riveting both in Figs. 87 and 89. 

In Fig. 90 is shown a perspective view of a thre^-way branch 
round to round, the inlet A being a true circle, and the outlets B, C, 
and D also being true circles, the centers of which are in the same 
vertical plane, thus making both sides of the branch symmetrical. 

First draw the elevation and the various sections as shown in 
Fig. 91. Draw the center line a h. From b draw the center line 
of the branch at an angle of 58° as shown by h d. Make the 
center lines a h and b d each 3J inches long. Make the half 
diameter of the branch B at the outlet | inch, and the full diam- 
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eter of the branch C at the outlet IJ inches placed on either aide 
of and at right angles to the center lines. Draw a line from e tof, 
and with i and h aa ceuters and radii equal to | inch draw arcs 
intersecting each other at c. Draw lines from i to c to A. In 
similar manner obtain A and the opposite half of B. A B O is 
the elevation of the three branches whose sections on outlet lines 
are shown respectively by G F and E and whose section on the 
inlet line is shown by D. 

The next step is to obtain a trne section on the miter line or 
line of joint 6 c. Knowing the height h c and the width at the 




bottom, which is equal to the diameter of D, the shape can b« 
drawn at pleasure as shown in Fig. 93, "b c'u drawn equal to b c. 
Fig. 91, while h d and h a are equal to the half diameter D in Fig. 
91. Now through a c d'la Fig. 92 draw the profile at pleasure as 
shown, which represents the true section on <? 5 in Fig. 91. 

A£ the side braaches A and C are alike, only one pattern will 
be required, also a separate pattern for the center branch both of 
which will be developed by triangulation. To obtain the measure- 
ments for the sections for the center branch B, proceed as shown 
in Fig. 93 where 1 4 6 8 is a reproduction of one-half the branch 
B in Fig. 91. As the four quarters of this center branch are alike 
snly one quarter pattern will be developed; then, if desired, the 
quarter patterns can be joined together, forming one pattern. Now 
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take a tracing of <? J a, Fig. 92, and place it on the line 5 8 as 
shown in Fig. 93. Similarly take a tracing of the quarter profile 
F in Fig. 91 and place it on the line 4 1 in Fig. 93. Divide the 
two profiles 1' 4 and 5' 8' each into the same number of spaces as 
shown respectively by points 1' 2' 3' 4 and 5 6' T 8', from which 
points at right angles to their respective base lines 1 4 and 
5 8 draw lines intersecting the base lines at 1 2 3 4 and 5 6 7 8. 
Now draw solid lines from 3 to 6 and 2 to 7 and dotted lines from 
8 to 5, 2 to 6, and 1 to 7. These solid and dotted lines represent 





Fig. 91. Fig. 92. Fig. 93. 

the bases of the sections whose altitudes are equal to the variolic 
heights of the profiles in Fig. 93. The slant lines in Fig. 94 rep- 
resent the true distances on similar lines in Fig. 93, as those in 
Fig. 95 represent the true distances on dotted lines in Fig. 93. 

For the pattern take the length of 1' 8', Fig. 94, and place it 
as shown by 1 8 in Fig. 96, and using 8 as center and 8' 7' in 
Fig. 93 as radius draw the arc 7, which intersect by an arc struck 
from 1 as center and 1' 7' in Fig. 95 as radius. Then using 1' 2' 
in Fig. 93 as radius draw the arc 2, which intersect by an arc 
struck from 7 as center and 7' 2' in Fig. 94 as radius. Proceed 
ill this manner until the line 4 5 in Fig. 96 has been obtained^ 
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which equals 4 5 in Fig. 93. Trace a line through points thus 
obtained in Fig. 96, then will 14 5 8 1 give the quarter pattern. 

If the pattern is desired in one piece trace as shown by 
similar figures, to which lapg must be allowed for riveting. 

As the two branches A and in Fig. 91 are alike, one pat- 
tern will answer for the two. Therefore let 1 7 8 11 14 in Fig. 
97 be a reproduction of the branch in Fig. 91. Now take a trac- 
ing ot ah c in Fig. 92 and place it as shown by 11' 11 8 in Fig' 
97; also take a tracing of the half section E and the quarter sec- 
tion J) in Fig. 91 and place them as shown respectively by 1 4' 7 and 
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Fig. 96. 



Fig. 95. 



11 11' 14 in Fig. 97. Now divide the two lower profiles 8 11 and 
11' 14 each into 8 equal parts, and the upper profile 7 4' 1 into 6 
equal parts as shown by the small figures 8 to 11', 11' to 14 and 1 
to 7. From these points, at right angles to the various base lines, 
draw lines, intersecting the base lines as shown by similar num- 
bers. Draw solid and dotted lines as shown, and construct the 
sections on solid lines as shown in Fig. 98 and the sections on 
dotted lines as shown in Fig. 99 in precisely the same manner as 
described in connection with Figs. 94 and 95. 

In Fig. 100 is shown the pattern shape (to which laps must 
be allowed for riveting) obtained as was the development of Fig. 
96. First draw the vertical line 1 14, Fig. 100, equal to 1 14 in 
Fig. 97. Then use alternately as radii, first the divisions in 1 4' 7 in 
Fig. 97, the proper slant line in Figs. 98 and 99 and the divisions 
in 11' 14 until the line 4 11, Fig. 100, is obtained. Starting from 
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the point 11 use as radii in their regular order the distances marked 
off between 11' and 8, Fig. 97, then the proper slant lines in Figs. 
98 and 99, the distances shown in the semicircle, 1 4' 7, Fig. 97, 
rmtil the line 7 8, Fig. 100,isdrawneqaal to7 8, in Fig. 97. Then 




Fig. 9S. 



Fig. 98. 



1 7 8 11 14, Fig. 100, will be the half pattern. If the pattern is 
desired in one piece trace 1 7' 8' 11' 14 opposite the line 1 14 
as shown. 

In Fig. 101 is shown a perspective view of a two-branch fork 
oval to ronnd, conimonly used as breeching for two boilers. As 





Fig. 100. Fig. 101. 

both halves of the fork are symmetrical the pattern for one will 
answer for the other. 

While the side elevation shown in Fig. 102 is drawn com- 
plete, it is only necessary in practice, to draw one half as follows, 
and then, if desired, tho other half elevation can be traced opposite 
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to the center line E J. First draw J B, 1^ inches, equal to the 
half diameter of the ontlet, and the vertical center height J V, 2J 
inches. Establish the height of the joint J E one inch, and the 
desired projection VD on the base line IJ inches. Draw the 
length of the inlet D C 2| inches, and draw a line from C to B 
and D to E. Draw a similar figure opposite the line J E, and 
A B C D E F G shows the side elevation of the fork. In their 
proper position below A B draw the sections M and N whose 
semicircular ends are struck from a b c and d with radii equal to 
J inch. Now draw an end elevation in which the true section on 
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Fig. 102. 

J E is obtained. Draw the center line J* e and extend the lines 
A B and G C in elevation as A P and G S. Take the half diam- 
eter L J and place it on either side of ^y as shown by OP. In a 
similar manner take the half diameter of the section N as ^ i and 
place it on either side of ej^ as shown by R S. Then O P S R 
shows the end elevation. Draw E T intersecting ^y at T. Now 
draw the curve O T P, which in this case is struck from the center 
U, being obtained by bisecting the line O T. It should be under- 
stood that the curve O T P, which represents the true section on 
J E, can be made any desired shape, but when once drawn, repre- 
sents a fixed line. 
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The pattern will be developed^ by triangalation, for which 
diagrams of sections must be obtained from .which to obtain meas- 
nrements. These sections are obtained as follows: In Fig. 103 
1 4 5 12 13 is a reproduction of J B C D E, Fig. 102. Reproduce 
the quarter profile H L I, the half profile O T, and the half profile 
mnosLB shown by 1' 1 4, 1" 13 1 and 12 9' 8' 5 in Fig. 103. 
Divide the round ends in a each into 3 parts and the profiles b and 
c also each into 3 spaces, as shown by the figures. Drop lines 
from these figures at right angles to the base lines from 1 to 15 as 
shown and draw solid and dotted lines in the usual manner. While 
in some of the previous problems only dotted lines were drawn, we 
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Fig. 103. 



Fig. 105. 



have drawn both solid and dotted lines in this case, in order to 
avoid a confusion of sections. A diagram of sections on solid lines 
in Fig. 103 is shown in Fig. 104, the figures in both correspond- 
ing; while Fig. 105 shows the true sections on dotted lines. The 
method of obtaining these sections has been described in connection 
with other problems. 

For the pattern draw any vertical line as 4 5, Fig. 106, equal 
to 4 5 in Fig. 103. Then with 5 6', Fig. 103, as radius and 5 in 
Fig. 106 as center draw the arc 6, intersecting it by an arc struck 
from 4 as center and 4 6', Fig. 105, as radius. Then using 4 3', 
Fig. 103, as radius, and 4 in Fig. 106 as center, describe the arc 3, 
intersecting it by an arc struck from 6 as center and 6' 3' in Fig. 
104 as radius. Proceed in this manner, using alternately as radii, 
first the divisions in a in Fig. 103, then the slant lines in Fig. 
105; the divisions in c in Fig. 103, then the slant lines in Fig. 
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104, nntil the line 1 8, Fig. 106, is obtaiDed. Now using 8 as 
center and 8' 9', Fig. 103, as radios draw the arc 9 in Fig. 106, 
intersecting it by an arc stmck from 1 aa center and 1" 9', Fig. 
104, as radins. Tben starting at 1 in Fig. 106 use alternately as 
radii, frst the divisions in h in Fig, 103, then the slant lines in 
Fig. 105, the divisions in a in Fig. 103, then the length of the 
slant lines in Fig. 104 until the line 12 13 is obtained in Fig. 106, 
which equals 12 13 in Fig. 103. Trace a line through points thus 
obtained in Fig. 106, then will 4 1 13 12 9 8 5 be the half pattern. 
If the pattern is desired in one piece, trace this half opposite the 
line 4 5 as shown by 1' 13' 12' 9' 8', allowing laps for riveting. 

In Fig. 107 is shown a perspective view of a tapering flange 
around a cylinder passing through an inclined roof, the flange 




Pig. 106. Fig. 107. 

bein'g rectangular on the roof line. The problem will be developed 
by triangnlation, a plan and elevation first being reqnired as shown 
in Fig. 108. 

First draw the angle of the roof A B at an angle of 45°, 
through which draw s center line D. From the roof line A B 
on the center line set off a J equal to 4 inches and through h draw 
the horizontal line £ F, making B F and B £ each one inch. 
Through d on the center line draw the horizontal line 6 H, nisking 
d H and d G each two inches. From H and G erect perpendiculars 
intersecting the roof line at K and L. Tben draw lines from E to 
K ard F to L, completing the elevation. Constrnet the square in 
plan oaaking the four sides equal to G H. Bisect H I and draw 
the center line c e intersecting the vertical center at d'. Then with 
radiu. equal to S F or J E in elevation and d' in plau as center, 



96 



SHEET METAL WORK; 



draw the circle 14 7 4' representing the horizontal section on E F 
in elevation, while 6 H I J is the horizontal section on K L in 
elevation. As the circle in plan is in the center of the square 
making the two halves symmetrical it is only necessary to divide the 
semicircle into equal spaces as shown from 1 to 7 and draw lines 
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Fig. 108. 

from 1, 2, 3 and 4 to G, and 4, 5, 6 and 7 to H. Then will the 
lines in 1 G 4 and 4 H 7 represent the bases of triangles which 
will be constructed, whose altitudes are shown respectively by the 
vertical heights in K E and L F in elevation. Therefore draw hori- 
zontal lines through E F, K, and L as shown by F O, K N, and L M. 
From any point as R and T on F O, draw the perpendiculars R S 
and T U respectively, meeting the horizontal lines drawn from L 
and K, Now take the various lengths in plan as Gl, G2, G3, and 
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G4 and place them on the line F O as shown by Tl, T2, T3 and T4, 
from which points draw lines to U which will represent the true 
lengths on similar lines in plan. In similar manner take the dis- 
tances in plan from H to 4, to 5, to 6, to 7, and place them on the 
line F O, from R to 4, to 5, to 6, to 7, from which points draw lines 
to S which represent the true lengths on similar lines in plan. 

For the pattern take the distance F L in elevation and place 
it on the vertical line T L in Fig. 109. At right angles to T L 
draw L S equal to <? H or ^ I in plan, Fig. 108. Draw the dotted 




line from 7' to S in Fig.. 109, which should be equal to S 7 in W 
in Fig. 108. Now with radii equal to S 4? and S |- and S, Fig. 
109, as center, draw the arcs indicated by similar numbers. The 
dividers should equal the spaces in the semicircle in plan in Fig. 
108, and starting at T in Fig. 109, step from arc to arc of corre- 
sponding numbers as shown by 6', 5', 4'. Draw a dotted line 
from 4' to S. Then using S as center and L K in elevation. Fig. 
108, as radius, describe the arc U in Fig. 109, intersecting it by an 
arc struck from 4' as center and U 4, Fig. 108, as radius. Now 
using U J, and U § in X as radii, and U, Fig. 109, as center, 
describe arcs having similar numbers. Again set the dividers 
equal to the spaces in plan in Fig. 108, and starting from 4' in 
Fig. 109 step to corresponding numbered arcs as shown by 8', 2', 1'. 
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Draw a dotted line from 4' to U to 1'. With K E id elevatloD, 
Fig. 108, 88 radiuB, and 1' in Fig. 109 as center, describe the 
arc e iDtersectipg it by an arc struck from U as center and G e in 
plan in Fig. 108 ae radius. Draw a line connecting ti, U, e, and 1'. 
7' 4' 1' e U 8 L 7' shows the half pattern, which can be traced 
opposite the line 7' L to complete the full pattern as shown by 
r 4" 1" e' L" S' L. 

One of thn ditScnlt problems often enconatered by the sheet 
metal worker is that of a cylinder joining a cone furnace top at 
any angle. The following problem shows the principle to be 
applied, no matter what size the furnace top has, or what size pipe 
is used, or at what angle the pipe is placed in plan oreleration, the 
principles being applicable uuder any conditions. 

Fig. 110 shows a vaew of a cyl- 
inder intersecting a conical fur- 
nace top, tho top being placed to 
one side of the center of the top. 
A B D represents a portion of 
the conical top, intersected by the 
cylinder E F G H, the aide of the 
cylinder H I to intersect at a 
given point on the conical top as 
at H. This problem presents an 
interesting study in projections, 
-^iUMMUiuii*' intersections, and development, to 
which close attention should be 
given. 
In Fig. Ill first draw the center line A X. Then draw the 
lialf elevation A B C D, making A B Ig inches, D 3J inches 
and the vertical height A D 2J inches. Draw the line from B to 
C. Directly below C D draw the one-quarter plan using Z as 
center, as shown by Z C D' and in line with A B of the elevation 
draw the quarter plan of the top as Z B' A*. Let a in the eleva- 
tion represent the desired distance that the side of the cylinder is 
to meet the cone above the base line as H in Fig. 110. From a, 
parallel to D in Fig. Ill, draw a h. Then from a drop a ver- 
tical line intersecting the line Z C in plan at a'. ThenusingZas 
center and Z a' as radius, describe the quarter circle a' h'. Z a' h' 
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in plan represents the true section on the horizontal plane a b in 
elevation. Now locate the point where the side of the cylinder as 
H in Fig. 110 shall meet the arc a' V in plan. Fig. Ill, as shown 
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At 3". Through 3" draw the horizontal line intersecting the center 
fine at K*, the outer arc at M* and extend it indefinitely to 3. 
From 3 erect the perpendicular equal to the diameter of the cylin- 
der, or 1| inches, bisect it and obtain the center c. Using c as 
center with c 7 as radius, describe the profile of the cylinder as 
shown, and divide it into equal parts from 1 to 8. From these 
points draw lines parallel to 3 K*, intersecting the outer arc D* C* 
at N^ 0» P E» and the center line Z X at T, G^ E^ A\ With Z 
as center and the various intersections from K^ to A* as radii, 
describe the arcs K' L\ V J\ Q' B.\ E' Y\ and A^ B^ From the 
intersection B^, F*, H', J', U erect vertical lines into the elevation 
intersecting the side of the cone B C as shown by similar letters 
B F R J L. From these points draw horizontal lines through the 
elevation as shown respectively by A B, E F, G H, I J, and K L. 
These lines represent a series of horizontal planes, shown in plan 
by similar letters. For example, the arc E* F* in plan represents 
the true section on the line E F in elevation, while the arc G* BP 
is the true section on the line G H in elevation, etc. 

The next step is to construct sections of the cone as it would 
appear, if cut by the lines shown in plan by K^ M^, I' N*, G^ O^jE* 
P*, and A^ K\ To obtain the section of the cone in elevation on 
the line A' R^ in plan, proceed as follows: At right angles to the 
line A^ "B} and from the intersections on the various arcs, draw lines 
upward (not shown) intersecting similar planes in elevation cor- 
responding to the arcs in plan. A line traced through intersections 
thus obtained in elevation as shown from A to R, will be the true 
section on the line A^ R* in plan. For example, the line K^ M^ of 
the cylinder intersects the arcs at K^ 3" and M^ respectively. From 
these intersections, erect vertical lines intersecting K L, J «, and D C 
in elevation at K, 3', and M respectively. Trace a curve through 
these points, then will K 3' M be the section of the cone if cut on 
the line K* M^ in plan. In similar manner obtain the other sections. 
Thus the section line E P, G O, and I N in elevation, represent 
respectively the sections if cut on the lines E^ P^, G^ O^, and P W 
in plan. Now from the given point 3" in plan erect a line which 
must meet the intersection of the plane b a and section K M in 
elevation at 3'. From 3' at its desired angle, in this case 45°, draw 
the line 3' 7. At any point as d at right angles to 3' 7 draw the 

m 
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line 1 5 through d^ making d 5 and d 1 each equal to half the 
diameter of the cylinder shown in plan. With ^5 as radiu« and^ 
as center draw the profile of the cylinder in elevation, and divide it 
into the same number of parts as shown in C in plan, being careful 
to allow the circle d in elevation to make a quarter turn, bringing 
the number 1 to the top as shown. 

The next operation is to obtain the miter line or line of joint 
between the cylinder and cone in elevation. By referring to the 
plan it will be seen that the point 7 in the profile ^ lies in the plane 
of the section A^ R^ Then a line from the point 7 in the profile 
d in elevation, drawn parallel to the lines of the cylinder, must cut 
the section A E which corresponds to the plane A' R' in plan as 
shown by 7' in elevation. The points 6 and 8 in the profile c in 
plan, are in the plane at the section E^ P^, then must the corre- 
sponding points 6 and 8 in the profile d in elevation, intersect the 
section E P as shown by 6' and 8'. As the points 1 5, 2 4, and 3 
in the profile c in plan, are in the planes of the sections G* O^, I* N^ 
and K* M* respectively, the corresponding points 1 5, 2 4, and 3 in 
the profile d in elevation must intersect the sections G O, I N, and 
K M respectively at points 1' 5', 2' 4', and 3' as shown. Trace a 
line through these points, which will show the line of intersection 
between the cone and cylinder. , 

For the pattern for the cylinder, proceed as follows: At right 
angles to the line of the cylinder in elevation, draw the line T U 
upon which place the stretchout of the profile d as shown by sim- 
ilar figures on TU. In this case the seam of the pipe has been 
placed at 1 in d. Should the seam be desired at 3, 5 or 7, lay 
off the stretchout on T U starting with any of the given numbers. 
At right angles to U T from the small figures 1 to 1 draw lines 
which intersect with lines drawn from similar numbered intersec- 
tions in the miter line in elevation at right angles to 1' 1, result- 
ing in the intersections 1 to 5° to 1° in the pattern. Trace a line 
through points thus obtained, then will U V W T be the develop- 
ment for the cylinder to which laps must be allowed f(i»r riveting 
to the cone as shown in Fig. 110 and seaming the joint T W in 
pattern in Fig. 111. 

While the pattern for the cone is obtained the same as in 
ordinary flaring ware, the method will be described for obtaining 

327 



10* 



SHEET METAL WORK 



tbe pattern for the opeoing to be cut into tbe cone. Before this 
can be done a plan view of the intersection between the pipe and 
cone most iirst be obtained as follows; From the various io- 
tersections 1' to, 8' in elevation drop vertical lines intersecting 
lines drawn from similar numbers in the profile c in plan, thus 
obtaining the intersections 1" to 8" through which a line is traced 
which is the desired plan view. 

For the pattern for 
tbe opening in the 
cone, the outline of 
the half elevation and 
one-quarter plan with 
the various points of 
intersections both in 
plan and elevation in 
Fig, 112 is a repro- 
duction of similar 
partsin Fig- 111, and 
has been transferred 
toavoidaconfusionof 
lines which would 
otherwise occnr in ob- 
taining the pattern. 
Parallel toDCin Fig. 
113 from the various 
intersections 1' to 8' 
draw lines intersect- 
ing the side of the 
cone B C from 1 to 8. 
Through the various 
intersections 1" to 8" 
in plan from tbe apex 
Z draw lines intersecting the outer curve from 1° to 8° as shown. 
Extend the line C B in elevation until it meets the center line D A 
extended at E. Then using E as centor, with E C and E B as radii 
draw the arcs C F and B II respectively. At any point as 2^ on 
the arc F lay off the stretchout of the varions points on D' C in 
plan from 2° 1 1 e'" as shown by similar figures on F as shown 
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from 2^ to 6^. From these points draw radial lines to the apex 
E, and intersect them by arcs struck from E as center whose radii 
are equal to the various intersections on B C having similar numbers. 
Thus arc 4 intersects radial line 4^ at 4^^; arcs 3, 5, and 2 intersect 
radial lines 3^, 5^, and 2^ at 3^, 5^^, and 2^, and so on. Trace a 
line through points thus obtained as shown from 1''' to 8^ which is 
the desired shape. If a flange is desired to connect with the cylin- 
der, a lap must be allowed along the inside of the pattern. 

COPPERSniTH'S PROBLEMS. 

In the five problems which will follow, particular attention is 
given to problems arising in the coppersmith's trade. While all 
the previous problems given in the course can be used by the cop- 
persmith in the development of the patterns where similar shapes 
are desired, the copper worker, as a rule, deals mostly with ham- 
mered surfaces, for which flaring patterns are required. The prin- 
ciples which will follow, for obtaining the blanks or patterns for 
the various pieces to be hammered, are applicable to any size or 
shape of raised work. The copper worker's largest work occurs in 
the form of brewing kettles, which are made in various shapes, to 
suit the designs of the different architects who design the work. 
In hammering large brewing kettles of heavy copper plate, the 
pieces are developed, hammered, and fitted in the shop, then set 
together in the building, rope and tackle being used to handle the 
various sections for hammering, as well as in construction at the 
building. While much depends upon the skill the workman has 
with the hammer, still more depends upon the technical knowledge 
in laying out the patterns. 

In all work of this kind the patterns are but approximate, but 
no matter what size or shape the work has, the principles contained 
in the following problems are applicable to all conditions. 

In Fig. 113 is shown a perspective of a sphere which is to be 
constructed of horizontal sections as shown in Fig. 114, in which 
for practice draw the center line A B, on which, using a as center, 
and with radius equal to 2 J inches, describe the elevation of the 
sphere B C D E. Divide the quarter circle D C into as many 
spaces as the hemi-sphere is to have sections, as shown by C F 6 D. 
From these points draw horizontal lines through rhe elevation, aa 
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sbowD by E, F H, and G 1. Now throngL the extreme points 
as E H, H I, and 1 1) draw lioes iDtersecting^he center line B A 
at J, E, and D reepeotively. For the pattern for the tirst section 
Z, take D I HS radius, and using D' in Z' as center, describe the 
circle shown. For the pattern for the second section Y, use K 1 
and K H ae ladii, and with K' as center draw the arcs 1' P and S.' 




Pig. iia 



Fig. 114. 



H'. From any point as H' draw a line to the center K\ It now 
becomes necessary to draw a section, from which the true length 
of the patterns can be obtained. Therefore with i F as radios. 
describe the quarter circle F L, which divide into equal spaces, as 
shown by the figures 1 to 5. Let the dividers be equal to one of those 
spaces and starting at IP on the outer arc in Y' st«p ofE four times 
the amount contained in the quarter section F L, as shown from 1 
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to 5 to 1 to 6 to 1 in Y'. From 1 or H' draw a line to K}. Then 
will H" I" I' H' be the pattern for the section Y in elevation. 

For the pattern for the third section, use J as center, and with 
radii equal to J H and J E draw the arcs H H" and E E'. Now 
set the dividers equal to one of the equal spaces in F L and starting 
from H set oS four times the amount of L F as shown from 1 to 5 
to 1 to 5 to 1 on the mner curve H H'. From the apex J through 
H" draw a line intersecting the outer curve at E'. E E' H' H 
shows the pattern for the center section. It will be noticed in the 
pattern X' we space oS on the inner curve, while on the pattern 
Y' we space off on the outer curve. These two curves must contain 
the same amount of material as 
they join together when the ball is 
raised. To all of the patterns laps 
must be allowed for brazing or 
soldering. The patterns shown 
are in one piece; in practice where 
the sphere is large thej are made 
in a number of sections. pjg. 115, 

In Fig. 115 is shown the per- 
spective view of a circular tank whose outline is in the form of 
an ogee. The portion for which the patterns will be described is 
indicated by A A, made in four sections, and iiveted as shown 
by ah d. 

Fig. 116 shows how the pattern is developed when the center 
of the ogee is fiaring as shown from 3 to 1 in elevation. First 
draw the elevation A B C D, making the diameter of A B equal 
to 7 inches, the diameter of P C 4 inches, and the vertical height 
of the ogee 1^ inches. Through the center of the elevation draw 
the center line/* A, and with any point upon it as i, draw the half 
plan through A B and C D in elevation as shown respectively by 
E F and H. G. Now divide the curved parts of the ogee into 
equal spaces as shown from 1 to 3 and 4 to 6. Draw a line through 
the flaring portion until it meets the center line^A at^'. / will, 
therefore, be the center with which to strike the pattern. Take 
the stretchout of the curve from 3 to 1 and 4 to 6 and place it on 
the flaring line from S to 1' and 4.to 6' as shown by the figures. 
Then will 1' 6' be the stretchout for the ogee. It should be under- 



106 



SHEET METAL WOBK 



stood that no hammeriDg is done to that part shown from 3 to 4. 
The portion shown from 3 to 1' is stretched to meet the required 
profile 3 2 1, while the lower part 4 to 6' is raised to conform with 
the lower carve 4 6 6. Therefore, knowing that the points 3 and 4 
are fixed points, then from either of these, in this case point 4^ 




Fig. 116. 

drop a vertical line intersecting the center line E F in plan at a. 
Then with i as center and ^ ^ as radias, describe the quarter circle a e^ 
and space it into equal parts as shown by a, &, o, d^ 6, which represent 
the measuring line in plan on the point 4 in elevation. Using ^' 
as center, and j 6', j 4, j 3 and j V as radii, draw the arcs l"-!'", 
3".3'", 4"-4'" and 6"-6"' as shown. From 1" draw a radial line to ; 
intersecting all the arcs as shown. Now starting at 4" step off on 
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the arc 4"-4'" twice the stretchout of the quarter circle ae ^b shown 
by similar letters ci^ to 6 to a' iu .pattern. From j draw a line 
through a' intersecting all of the arcs as shown. r'-l'"-6'".6" 
shows the half pattern for the ogee. 

While in the previous 
problem the greater part of 
the ogee was flared, occasion 
may arise where the ogee is 
composed of two quarter cir- 
cles struck from centers as 
shown in Eig. 117. First 
draw the center line A B, 
then draw the half diameter 
of the top C^ C equal to 3 J 
inches and the half diameter 
£ D 1| inches. Make the 
vertical height of the ogee 1 J 
inches, through the center of 
which draw the horizontal line 
a h. From C and D draw ver- 
tical lines intersecting the 
horizontal line a hjS,t a and b 
respectively. Then using a 
and h as centers with radii 
equal respectively to a C and 
b J) draw the quarter circles 
shown completing the ogee. 
In the quarter plan below 
which is struck from the cen- 
ter F, Q J and H I are sec- 
tions respectively on D E and 
O C* in elevation. The meth- 
ods of obtaining the patterns in 
this case are slightly different 
than those employed in the previous problems. The upper curve 
shown from to c will have to be stretched, while the lower curve 
shown from c to D will have to be raised. Therefore in the stretch- 
out of the pattern of the upper part from 1' to 3 and 3 to 6' the 




Fig. 117. 



333 



no SHEET METAL WOBE 

edges must be stretched so as to obtain more material to allow the 
metal to increase in diameter and conform to the desired shape 
shown from 1 to 8 and 3 to 5. In the lower curve the opposite 
method must be employed. While in the upper curve the edges 
had to be stretched to increase the diameters, in the lower curve 
the edges must be drawn in by means of raising, to decrease the 
diameter, because the diameters to the points 5" and 9' are greater 
than to points o and d» 

To obtain the pattern for the upper curve C c which must be 
stretched, draw a line from C to c; bisect it and obtain dy from 
which erect the perpendicular d 3 intersecting the curve at 3. 
Through 3 draw a line parallel to C ^ intersecting the center line 
A B at m. Now divide the curve C c into equal spaces as shown 
from 1 to 5 and starting from the point 3 set off on the line just 
drawn on either side of 3 the stretchout shown from 3 to 1' and 3 
to 5'. 1' 5' shows the amount of material required to form the 
curve C c. In this case 3 represents the stationary point of the 
blank on which the pattern will be measured. Therefore from 3 
drop a vertical line intersecting the line F H at 10. Then using 
F as center and F 10 as radius, describe the arc 10 16, and divide 
it into equal spaces as shown from 10 to 16. Kow with radii equal 
to m 5', m 3 and m 1', Fig. 117, and with m in Fig. 118 as cen- 
ter, describe the arcs 5 5', 3 3' and 1 1'. Draw the radial line m 1 
intersecting the two inner arcs at 3 and 5. As the arc 3 3' repre- 
sents the stati^Hiary point 3 in elevation in Fig. 117, then set the 
dividers equal to the spaces 10 16 in plan and step off similar 
spaces in Fig. 118 on the arc 3 3', starting at 3 as shown by simi- 
lar numbers 16 to 10. Through 10 draw a line to the apex m, 
intersecting the inner curve at 5' and the outer curve at 1'* 
1 .1' 5' 5 is the quarter pattern for the upper curve or half .of the 
ogee, to which laps must be allowed for riveting and brazing. 

.For the pattern for the lower curve in elevation in Fig. 117 

draw a line from c to D; bisect it at e and from e erect a perpen- 
dicular intersecting the curve at 7. From 7 draw a horizontal line 
intersecting the center line aty*. Now the rule to be followed in 
^^ raising " is as follows : Divide the distance from ^ to 7 into as 
many parts, as the half diameter F 7 is equal to inches. In this 
case 7y* equals 2^ inches; (any fraction up to the •} inch is not 
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taken into consideration, but over ^ inch one is added). Therefore 
for 2J inches use 2. Then divide the distance from ^ to 7 into 
two parts as shown at i and through i parallel to c D draw a line 
as shown intersecting the center line at N". Now divide the curve 
<? to D into equal spaces as shown by the figures 5 to 9. Let off 
on either side of i the stretchout from 5 to 9 as shown from 5" to 




® \ PATTERN FOR LOWER / ^ 

\ HALF OF OGEE / 

\ \ ' / / 

\ %^ / 



\ I / 
\ I / 

n 



Fig. 118. 

9'. From i drop a vertical line intersecting F H ill plan at 23. 
Then using F as center draw the arc 23 17 as shown, which rep- 
resents the measuring line in plan on ^ in the stretchout. 

The student may naturally ask, why is i taken as the measuring 
line in plan, when it is not a stationary point, for when "raising" i 
will be bulged outward with the raising hammer until it meets 
the point 7. In bulging the metal outWard, the surface at i 
stretches as much as the difference between the diameter at i and 
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7. In other words, if the measuring point were taken on 7 it 
woald be found that after the mould was ^^ raised " the diameter 
would be too gi*eat. But by using the rule of dividing e 7 into as 
many parts as there are inches in/* 7 the diameter will be accurate 
while this rule is but approximate. In this case e 7 has only been 
divided into two equal parts, leaving but one point in which a line 
would be drawn through parallel to c D. Let us suppose that the 
semi-diameter 7;/* is •qual to eleven inches. Then the space from 

^ to 7 would be divided into just so 
many parts, and through the first part 
nearest the cove the line would be drawn 
parallel to ^ D and used as we have 

/ J L J used L Now with radii equal to n 9', 

( J \ L n i, and n 5" and n in Fig. 118 as center, 

UJ Sz:=Z describe the arcs 5" 5'" i H and 9 9'. 

From any point as 5" draw a line to n 
intersecting all the arcs shown. Now 
take the stretchout from 17 to 23 in 
plan. Fig. 117, and starting from 17 in 
Fig. 118 mark off equivalent distances 
on the arc i i' as shown. Draw a line 
through 23 to the apex n^ intersecting 
the inner and outer arcs at 9' and 5'". 
Then will 9 5" 5'" 9' be the greater pat- 
tern for the lower part of the ogee. 

Another case may arise where the 
center of the ogee is vertical as shown from c to din Fig. 119 in 
A B. In this case the same principles are applied as in Fig. 117; 
the pattern for c ^ in Fig. 119 being a straight strip as high as 
c d and in length equal to the quarter circumference c' c" in plan 
in Fig. 117 which is the section on c in elevation. These rules 
are applicable to any form of mould as shown in Fig. 119, by 
«,y*. A, and J. The bead i mj would be made in two pieces with 
a seam at i as shown by the dotted line, using the same method 
as explained in connection with <? D in elevation in Fig. 117. 

The coppersmith has often occasion to lay out the patterns 
for curved elbows. While the sheet metalworker lays them out 
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in pieces, the copperemith's work must form a carve ns shown in 
F^. 120 which represents a curved elbow of 45^ 

Id Fig. 121 is shown how an elbow ie laid out having 90°, 
similar principles being required for any degree of elbow. First 
draw the side elevation of the elbow as shown by A B C D, mak- 




Pig. 121. 



Fig. lao. 



ing the radius £ B equal to 4| inches and the diameter B 2 
inches. Bisect C B at £. Then with E as center and E K as 
radins draw the arc K J representing the seam at the sides. Draw 
the front view in its proper position as F G H, through which 
draw the center line F I representing the seam at back and front, 
thns making the elbow in four pieces. Directly tielow C B draw 
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the section of the elbow as shown hj a b c d struck from M as 
center. Through M draw the diameters i d and a c. The inner 
curve of the elbow a d o in plan will be stretched, while the outer 
curve a h c in plan will be raised. Through M draw the diagonal 
3 6 intersecting the circle at 3 and / respectively. Now draw 
a d/ through /"parallel to a d draw a line intersecting the center 




Fig. 122. 

line A E extended at O. On either side off place the stretchout 
of 6 a and 6 t? as shown hj/a' a,nd/d\ Then with radii equal 
to O d' and O a* and with O on the line A B, Fig. 122, as center 
describe the arcs d d and a a. Make the length old d equal to 
the inner curve D C in Fig. 121. From a and d in Fig. 122 
draw lines to the apex O extending them to meet the outer curve 
at a and a. Then will a d d ahe^ the half pattern for the inner 
portion of the elbow for two sides. The radius for the pattern for 
the outer curve is shown in Fig. 121 by N c\ N 5', placing the 
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stretchont of the curve on either aide of the point e. hloc'm Fig. 
122 ehowa the pattern for the oater cnrve, the length J i being 
obtained from A B in elevation in Fig. 121. 

Id work of thia kind the patterns are made a little longer, to 
allow for triraming after tho elbow is brazed together. X^ps must 
be allowed on all patterns for brazing. 

Fig. 123 shows a perspective view of a brewing kettle, made 
in horizontal sections and riveted. The same principles which 
were emplc^ed for obtaining the patterns for a sphere in Fig. 114 
are applicable to this problem. Thus in Fig. 124, let A B C rep. 
resent a full section of a brewing kettle as required according to 
architect's design. Through the middle of the section draw the 
center line T) E. Now divide the 

half section B to Ointo as many parts (rSSUll I , ^_,^J^fc 
as the kettle is to have pieces as ^^~p^ ' "'^^ni^B'''^ 

shown by c, d, e,f. From these lull' 1 If 

small letters draw horizontal lines ^Sr^- -TfflW 

through the section, as shown by Wi.W / / j lllm 

c A, d d", e e', and^/" and in its '^t? . •••I 'rMm 

proper position below the section, ^^ -^^^r 

draw the plan views on each of these ^^^e^^^^ 

horizontal lines in elevation, excep- pig. 12s. 

ting d" d, OB shown respectively by 

I F G H, e" e'" aad^"/'", all struck from the center a. ■ Now 
through the points d draw a line which if extended would meet 
the center line. Then this intersection would be the center with 
which to draw the arcs 0' and d d"; the flange c h would be 
added to the pattern as shown by h'. The stretchout for this pat- 
tern 1^ would be obtained from the curved line F Q H I in plan 
and stepped off on the outer arc c e'. In similar manner through 
d e, ef, and^ draw the lines intersecting the center line D £ 
at K, L, and C. Then using the points as center, describe the 
patterns 2', and 3', and the full circle 4'. 

The stretchout for the patterns 2' and 3' is obtained from the 
circle e" e"' in plan and placed on the inner curve of the pattern 2', 
and on the outer curve of the pattern 3'. If desired the stretchout 
could be taken from f"f"' in plan, and placed on the inner curve 
of 3* which would make the pattern similar as before. 
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In large kettles of this kind, the length of the pattern is guided 
by the size of the sheets in stock, and if it was desired that each ring 
was to be made in 8 parts then the respective circle in plan from 
which the stretchout is taken would be divided into 8 parts, and 
one of these parts transferred to the patterns, to which laps must 
be allowed for seaming and riveting. 

I 



FULL SECTION 




Pig. 124. 

PROBLEMS FOR WORKERS IN HEAVY METAL. 

While all of the problems given in this course are applicable to 
developments in heavy metal as well as in that of lighter gauge, the 
following problems relate to those forms made from boiler plate. 

When using metal of heavier gauge than number 20, for pipes, 
elbows, or any other work, it is necessary to have the exact inside 
diameter. It is customary in all shops working the heavier met^, 
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to add a certain amount to the stretchout to make up for the loss 
incurred in bending, in order that the inside diameter of the article 
(pipe, stack, or boiler shell) may be kept to a uniform and desired 
size. This amount varies according to different practice of work- 
men, some of whom allow 7 times the thickness of the metal used, 
while others add but 8 times the thickness. Theoretically the 
amount is 3.1416 times the thickness of the metal. 

For example, suppose a boiler shell or stack is to be made 48 
inches in diameter out of -^-inch thick metal. If this shell is to 
measure 48 inches on the inside, add the thickness of the metal, 
which is 4 inch, making 48-J inches. Multiply this by 3.1416 
and the result will be the width of the sheet. If, on the other 
hand, the outside- diameter is to measure 48 inches, subtract the 
thickness of the metal, which would give 47-| inches and multi- 
ply that by 3.1416 which would give the proper width of the sheet. 
It is well to remember that no matter what the thickness of the 
plate may be, if it is not added, the diameter of the finished article 
will not be large enough; for where no account is taken of the 
thickness of the metal, the diameter will measure from the center 
of the thickness of the sheet. While this rule is theoretically cor- 
rect there is always a certain amount of material lost during the 
forming operations. It is, therefore, considered the best practice to 
use seven times the thickness of th« metal in question. The cir- 
cumference for a stack 48 inches in diameter inside using ^ inch 
metal would be, on this principle, 3.1416 X 48 + (7 X ^) to which 
laps would have to be allowed for riveting. Where the stack has 
both diameters equal a butt joint is usually employed with a collar 
as shown at either a or ^ in Fig. 125, but where one end of the stack 
is to fit into the other, a tapering pattern must be obtained which 
will be described as we proceed. 

In putting up large boiler stacks it is usual to finish at the 
top with a moulded cap, and while the method of obtaining the pat- 
terns is similar to parallel line developments, the method of devel- 
oping such a pattern will be given showing how the holes are 
punched for a butt joint. 

In Fig. 126 a view of the moulded cap on a stack is shown. 
On a large size stack the cap is often divided into as many as 32 
pieces. If the stack is to be made in horizontal sections the rulea 
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given in the problems on copperemi thing apply. -While in obtain- 
ing the patternB for a cap in vertical aectione, the plan is nsually 
divided into 16 to 33 sideB, according to the size of the stack; we 
have shown in- Fig. 137 a quarter plan so spaced as to give 8 sides to 
the full circle. This has been done to make each st«p distinct, the 
same principles being applied no matter how many sides the plan has. 




Fig. 125. 

First draw the center line A B and with any point as C with 
radius equal to 4J inches draw the quadrant D E. Now tangent to 
D and E, draw the line D F and E Q, and at an angle of 45°, tan- 
gent to the curve at Y, draw (i F intersecting the previous lines 
drawn at G and F. C D F G E shows the plan view of the extreme 
outline of the cap. Directly above the plan draw a half section of 
the cap, the curve 5 8 being struck from b as center and with a radius 

equal to J 8 or 1| inches. Then us- 

hig the same radius with a as center 
describe the quarter circle 5 2. Make 
2 1 equal to | inch, and 8 9 one inch. 
From the corners F and G in plan 
draw the miter lines F C, C G. 
Divide the profile of the cap into 
equal spaces as shown by the figures 
1 to 9, from which drop vertical 
lines, intersecting the miter line F O 
as shown. On C D extended as C H 
place the stretchout of the profile of 
the cap as shown by similar numbers. 
At right angles to D H draw lines 
as shown, and intersect them by lines drawn parallel to D H from 
the intersections on C F. Trace a line through points thus obtained 
as shown by J I and trace this outline on the opposite side of the 
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line D H as shown by J^ I\ Then will J I F J^ be the complete 
pattern for one side. 

When riveting these pieces together an angle is usually placed 
on the inside and the miters butt sharp, filing the corners to make 
a neat fit. This being the case the holes are punched in the pat- 
tern before bending as shown by X X X etc. Assuming that the 




Fig. 127. 

stack on which the cap is to fit is 48 inches in diameter, obtain 
the circumference as previously explained and divide by 8 (be- 
cause the plan is composed of 8 pieces) placing one-half of the dis- 
tance on either side of the center line D H in pattern. Assuming 
that -jJ^ of the tjircumference is equal to 9 e^ trace from e the en- 
tire nriter cut, as partly shown by e i to the line I^ I. If the -^ 
tsircumference were equal to 9 d^ the cut would then be traced as 
shown in part by d h until it met the line I P. This, of course, 
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would be done od the half pattern J 1 1 before tracing it opposite 
the ceDt«r line D H. Should the plan be divided into 82 parts, 
divide the circumference of the atack by 32 and place -^ of the cir- 
cumference OD 9 J in pattern, measuring from the center line D H, 
and after obtaining the proper cat, trace opposite the line D H. 

In constructing a stack where each joint tapers and fits inside 
of the other, as shown iu Fig. 128, a short rule is employed for 
obtaining tbe taper joints without having recourse to the canter. 
In the illnstration a h represents the first joint, the second O slip- 




ping over it with a lap equal tof, the joint being riveted togethei 
at e and d. When drawing the first taper joint a b, care mast be 
taken to have the diameter at j^on the outside, equal to the inside 
diameter at the bottom at h. This allows the second joint to slip 
over a certain distance bo that when the holes are punched in the 
sheets before rolling, the holes will fit over one another after the 
pipe is rolled. 

In Fig 129 ah c di9& taper joint drawn on the line of its 
inside diameter, as explained in Fig. 128/*, and e in Fig 129 rep- 
resents respectively the half sections on a £ and d c. By the short 
rule the radial lines of the cone are produced without having 
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recourse to the apex, which, if obtained in the full-size drawings, 
would be so far away as to render its use impracticable. A method 
similar to the following is used for obtaining the arcs for the pattern 
in all cases where the taper is so slight as to render the use of a 
common apex impracticable. 

Let aic dj Fig. 130, be a reproduction ota b c d in Fig. 129. 
On either side oi a d and } ^, in Fig. 130, place duplicates of 
abed^LB shown by b' c' and a' d\ This can be done most accurately 
by using the diagonals d b and (? a as radii, and with d and c as 
centers describe the arcs b b* and a a* respectively, and intersect 




Fig. 130, 

them by arcs struck from a and b as centers, with radii equal 
respectively Xoab and i a as shown. In precisely the same manner 
obtain the intersection c' and d* at the bottom. Now through the 
intersections V aba! and d' cdc' draw the curve as shown by bend- 
ing the straight-edge or any straight strip of wood placed on edge 
and brought against the various intersections, extending the curves 
at the ends and top and bottom indefinitely. Since the circumfer- 
ence of the circle is more than three times the diameter, and as we 
only have three times the diameter as shown from c to d' and 
V to a\ then multiply .1416 times the bottom and top diameter d c 
and a b respectively, and place one-half of the amount on either side 
of the bottom and top curves as shown by ^, e'^ and A, h\ Now take 
one-half of seven times the thickness of the metal in use and place 
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it on either side on the bottom and top etirves as ebown ^yf,f ancl 
i, i'y and draw a lio© from i to^and i' tof. To ttiia lap muBt be 
allowed for riyeting. The desired pattern is shown by i i' f /■ 

Fig. 181 shows a three-pieced elbow made from heavy metal, 
the two eod pieces fitting into the center pieces, to which laps are 
allowed for riveting. The principles which shall be explained to 
cat these patterns and make the necessary allowance for any thich- 
□esB of metal is applicable to any elbow. 

In Fig. 132 draw as previoasly described the elbow ABC, 
below G H draw the section of the inside diameter as S which is 
Btroch from a, and divide into equal spaces as shown by the figures 
1 to 5 on both sides. Through these fignres draw vertical lines 
intersecting the miter line h c, and from 
these intersections parallel to c d draw 
lines intersecting the line d e as shown. 
Before obtaining the stretchout for 
these elbows, a preliminary drawing 
muBt be cODBtmcted, in which an allow- 
ance is made for the thickness of the 
material that is to be used. This draw- 
ing makes practical use of a principle 
well known to draughtsmen from its 
application to the proportional division 
of lines and is clearly shown at (K). In allowing for the thick- 
ness of the metal in use, it is evident that we cannot allow it at one 
end, but must distribute it uniformly throughout the pattern. In 
(K) draw any horizontal line as E F, upon which place the stretch- 
out of the inside diameter of the pipe Xi, as shown by similar 
figures on E F. From l'* on E F lay off the diBtanc© 1*^ «i equal 
to 7 times the thickness of the metal in use as before explained. 
Then using E ascenterand E.m as radius, draw the arc m 1' inter- 
secting the vertical line drawn from 1°, and from the various 
interBectioDS from 1 to 1*^ on E F erect perpendiculars intersecting 
the slant line 1 1' at 2' 3' 4', etc., as shown. The slant line 1 1 
with the various intersectiona is now the correct stretchout for the 
elbow made of such heavy materia! called for by the specifications^ 
On G H extended, as H I, place the stretchout of the slant line 
1 1' as shown from 1 to 1' on H I. At right angles to E I and 
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from the various intersections, erect lines, which are intersected 
by lines drawn parallel to H I from similar numbered intersec- 
tions on the miter line b o. Trace the curve L M. L M I H shows 
the pattern for the two end pieces of the elbow. 

As the middle section A in Fig. 131 is to overlap the two end 
pieces, it is unnecessary to allow for any additional thickness on 




Fig. 132. 

account of this lap when suitable flanging machines are available; 
but since it is desirable, in some instances, to make an allowance 
in the pattern for riveting, the method of allowing for this lap 
will be explained. 

In (E), Fig. 132, lay oflf on the line E F the distance m n 
equal to 7 times the thickness of the metal in use, and with radius 
equal to E n draw an arc intersecting the line 1° 1' extended at 1". 
Draw the slant line from V' to 1 and extend all, the vertical lines 
to intersect 1 1" at 2" 3" 4", etc. The slant line 1 1" is the cor- 
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rect stretchout for the middle section B. At right angles to ^ ^ 
draw J K eqae.1 to 1 5" 1" in (R), as shown by similar figures in 
J K, through which draw lines at right angles to J K, and inter- 
sect them by lines drawn at right angles to ^ <? as shown. Trace 
the curved lines to produce O P R S, which is the pattern for the 

middle section, to which flanges are al- 
lowed as shown by dotted lines. 

The perspective of an intersection 
between pipes having different diam- 
eters in boiler work is shown in Fig. 
133. While the method of obtaining 
the patterns is similar in principle to 
parallel line developments, a slight 
change is required in obtaining the 
allowance in the stretchout for the thickness of the metal in use. 
Let A B, Fig. 134, represent the part section of a boiler struck 
with a radius equal to 3|" and let 1 7 7° 1° be the elevation of the 
intersecting pipe, whose inside diameter is 4^", as shown by 1 7. 

2/ INSIDE ^« 
^DIAMETER 





Fig. 134. 

Divide the half section 14 7 into an equal number of spaces, as 
numbered, from which drop vertical lines intersecting the outside 
line of the boiler at V to 7° as shown. A true stretchout must now 
be obtained in which allowance has been made for the thickness 
of the metal in use. Therefore, in Fig. 135, on the horizontal 
line A B lay off the stretchout of twice the inside section of 
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the pipe in Fig. 134, as shown by similar figures on A B in Fig. 
135, adding 1^ a, equal to 7 times the thickness of the metal in 
use. For example, supposing J-inch steel was used; the distance 
1^ a would then be equal to 7 X J, or 1| inches. Now draw the arc 
a 1', using 1 as center, which is intersected by the vertical line drawn 
from 1^. From 1' draw a line to 1,^ and from the various points 
on A B erect perpendiculars intersecting 1 1' at 2' 3' 4', etc. 1 1' 
shows the true stretchout to be be laid off on the line 1 7 extended 
in Fig. 134 as 1 1', and from the various intersections on 1 1' drop 
vertical lines and intersect them bylines drawn parallel to 1 1' from 
similar intersections on the curve 1° 7° as shown. Trace a curved 
line as shown from C to D. 1 C D 1' shows the pattern for the 
vertical pipe to which a flange must be allowed for riveting as 
shown by the dotted line. 

It is now necessary to obtain the pattern for the shape to be 
cut out of the boiler sheet, to admit the mitering of the vertical 
pipe. In some shops the pattern is not developed, only the vertical 
pipe is flanged, as shown in Fig. 133, then set in its proper posi- 
tion on the boiler and line marked along the inside diameter of the 
pipe, the pipe is then removed and the opening cut into the boiler 
with a chisel. We give, however, the geometrical rule for obtain- 
ing the pattern, and either method can be used. 

As A B in Fig. 134 represents the outside diameter of the 
boiler, to which 7 times the thickness of the metal used must be 
added to the circumference in laying out the sheet, and as the ver- 
tical pipe intersects one-quarter of the section as shown by a J c?, 
take the stretchout from 1° to 7° and place it from 1° to 7° on 
F G in (E), to which add 7° 6, equal to ^^ of 7 times the thick- 
ness of the plate used. Draw the arc e 7", using 1° as center, 
intersecting it by the vertical line drawn from 7°. Erect the usual 
vertical lines and draw 7" 1°, which is the desired stretchout. Now 
place this stretchout on the line A B in Fig. 136, erecting vertical 
lines as shown. Measuring in each and every instance from the 
line 1 7 in Fig. 134, take the various distances to points 2, 3, 4, 5, 
and 6 and place them in Fig. 136 on lines having similar numbers, 
measuring in each instance from A B on either side, thus obtain- 
ing the points 2, 3, 4, 5, and 6. Trace the curve V 4 7" 4, which 
ia the desired shape. 
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Fig. 137 shows a perspective of a gusset sheet A on a loco- 
motive, the method of obtaining this pattern in heavy metal is 
shown in Fig. 138. First draw the end view ABO, the serai- 
circle 4 14 being struck from a as center with a radius equal to 2 




inches. Make the distance 4 to C and 4 to B both 3| inches and 
draw C B. Draw the center line A F, on which line measure up 
2J inches and obtain J, which use as center with radius equal to a 
4, draw the section of the boiler D E F G. In its proper position 
draw the side view HIJKLMN. HILMNH shows the 
side view of the gusset sheet shown in end view by Q A E D G. 
Divide the semicircle 4 1 4 in end view into equal spaces as 
shown, from which draw horizontal lines intersecting H N in side 





Fig. 136. 



Pig. 137. 



view from 1' to 4'. From these intersections parallel to H I, 
draw lines indefinitely intersecting I L f rom 1" to 4". At right 
angles to N L produced draw the line at c d^ on which a true 
section must be obtained at right angles to the line of the gusset 
sheet. Measuring from the line A D in end view, take the vari- 
ous distances to points 2, 3, and 4 and place them on correspond- 
ing lines measuring from the line cd on either side, thus obtaining 
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the iDtei;section8 1^ to 4°, a line traced through these points will 
be the true section. In (Y) on any line as O P lay off the stretch- 
out of the true section as shown from 4°, 1°, 4°. As the gusset 
sheet only covers a portion equal to a half circle, add the distance 
4° e equal to ^ of 7 times the thickness of the metal in use and 




2' ,o go 30 

Fig. 138. 



using 4° at the left, as center with 4° e as radius, describe the arc 
e 4^, intersecting it at 4^ by the vertical line drawn from 4°. From 
O P erect vertical lines intersecting the line drawn from 4^ to 4^ 
at 3^, 2^, 1^, etc. 4° 4^ is the true stretchout, and should be 
placed on the line B S drawn at right angles to H I. Through 
the numbers on B S and at right angles draw the lines shown 
and intersect them by lines drawn from similarly numbered inter- 
sections on n N and I L at right angles to H I. Through points 
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thus obtained trace a curved line 4^, 4^, and 4^, 4^. It now be- 
comes necessary to add the triangular piece shown by L M N in 
side view, to the pattern which can be done as follows: Using L M 
in side view as radius and 4^ at either end of the pattern as cen- 
ters, describe the arcs m and n; intersect them by arcs struck from 
4^ and 4^ as centers, and M N in side view as radius. Then draw 
lines from 4^ to m to 4^ in the pattern on either side. The full pat- 
tern shape for the gusset sheet will then be shown by m 4^ 4^ t/^ 
4^ 4^, to which laps must be allowed for riveting. 

Fig. 139 shows a conical piece connecting two boilers with 
the flare of A such that the radial lines can be used in developing 
the pattern. In all such cases this method should be used in pref- 
erence to that given in connection with Fig. 130. Thus in Fig. 
139 the centers of the two boilers are on one line as shown by a h. 
While the pattern is developed the samQ as in flaring work, the 
method of allowing for the metal used is shown in Fig. 140. 

A B C D is the elevation 
^^^ ^^^^^M^gg^^^^^ of the conical piece, the half 

\ ~S l ~_ A - ^p- S^ inside section being shown 

^^^dy^^^^^^aiMiBl by 1 4 7 which is divided 

QHHHBII^^^^^^^^ into equal spaces. 1 7 1 in 

Fig. 139. (E) is the full stretchout of 

the inside section A 4 D in 
elevation, and 1 ^ is equal to 7 times the thickness of the metal 
used. The line 1 1' is then obtained in the usual manner as are 
the various intersections 2' 3' 4', etc. Now extend the lines A B 
and D in elevation until they meet the center line ah ^i a. 
Then using a c and a d draw the arcs 1' 7' and 1" 7". From 1' 
draw a radial line to a, intersecting the inner arc at 1". Now set 
the dividers equal to the spaces on 1 1' in (E) and starting from 1' 
in the pattern step off 6 spaces and draw a line from 7' to a inter- 
secting the inner arc at 7". 1' 7' 1" 7" shows the half pattern to 
which flanges must be allowed for riveting. 

Fig. 141 shows a view of a scroll sign, generally made of 
heavy steel, heavy copper, or heavy brass. So far as the sign is 
concerned it is simply a matter of designing, but what shall be 
given attention here is the manner of obtaining the pattern and 
elevation of the scroll. As these scrolls are usually rolled up in 
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form of a spiral, the method of drawing the spiral will first 
be shown. 

Establish a center point as a' in Fig. 142, and with the desired 
radius describe the circle shown, which divide into a polygon of 



DIAMETER 




Fig. 140. 

any number 'of sides, in this case being 6 sides or a hexagon. 
The more sides the polygon has, the nearer to a true spiral will 
the figure be. Therefore number the corners of the hexagon 1 to 
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AND PLUMBING^ 



B 
Fig. 141. 

5 and draw out each side indefinitely as 1 ^, 2 i, 3 (?, 4 (^, 5 ^, and 
6y*. Now using 2 as center and 2 1 as radius, describe the arc 
1 A; then using 3 as center and 3 A as radius, describe the arc 
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A B, and proceed in similar maoDer using as radii 4 B, 5 C, 6 D, 
and 1 E, until the part of the spiral shown has been drawn. Then 
using the same centers as before continue until the desired spiral is 
obtained, the follov^ng curves running parallel to those first drawn. 
The size of the polygon a\ determines the size of the spiral. 

In Fig. 143 let A B C D represent the elevation of one corner 
of the flag sign shown in Fig. 141. In its proper position in Fig. 
143 draw a section of the scroll through its center line in elevation 
as shown by a 17 to 1, which divide into equal spaces as shown 
from 1 to 17. Supposing the scroll is to be made of \ inch thick 



Fig. 142. 

metal, and as the spiral makes two revolutions then multiplj' \ 
by 14, which would equal 1| inches. Then on E F in Fig 144 
place the stretchout of the spiral in Fig. 143, as shown by similar 
numbers, to which add 17 E equal to 14, times the thickness of 
metal in use, and draw the arc E 17' in the usual manner and 
obtain the true stretchout with the various intersections as* shown. 
Through the elevation of the corner scroll in Fig. 143 draw the 
center line E F, upon which place the stretchout of 17' E, Fig. 
144, as shown by similar numbers on E F in Fig. 143. At right 
angles to EF, through 1' and 17', draw \T 17°equal to ABandri*^ 
equal to the desired width of the scroll at that point. Then at 
pleasure draw ^he curve 1° 17° on either side, using the straight** 
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Fig. 143. 
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edge and bending it as required. Then will 1° 1° 17° 17** be the 
pattern for the scroll using heavy metal. 

If it is desired to know how this scroll will look when rolled 
up, then at right angles to E F and through the intersections 1' to 
17' draw lines intersecting the curves of the pattern 1°-17° on 
both sides. From these intersections, shown on one side only, 
drop lines intersecting similar numbered lines, drawn from the 
intersections in the profile of the scroll in section parallel to A B. 
To avoid a confusion of lines the points 1^, 3^, 5^, 7^, 10^, 12^, 
and 17^ have only been intersected. A line traced through points 
thus obtained as shown from 1^ to 17^ in elevation gives the pro- 
jections at the ends of the scroll when rolled up. 
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REVIEW QUESTIONS 

ON THE SUBJECT OF 

HEATING AND VENTILATION 

PART I 



1. What advantage does indirect steam heating have over 
direct heating? What advantages over furnace heating? 

2. What are the causes of heat loss from a building? 

3. Why is hot water especially adapted to the warming of 
dweUings? 

4. What proportion of carbonic acid gas is found in outdoor 
air under ordinary conditions? 

5. A room in the northeast corner of a building of fairly 
good construction is 18 feet square and 10 feet high; there are 5 
single windows, each 3 by 10 feet in size. The walls are of brick 
12 inches in thickness. With an inside temperature of 70 degrees, 
what will be the heat loss per hour in zero weather? 

6. State four important points to be noted in the care of a 
furnace. 

7. A grammar school building, constructed in the most thor- 
ough manner, has 4 rooms, one in each corner, each being 30 ft. by 
30 ft. and 14 ft. high, and seating 50 pupils. The walls are of 
wooden construction, and the windows make up f of the total 
exposed surface. The basement and attic are warm. How many 
pounds of coal will be required per hour for both heating and 
ventilation in zero weather, if 8000 B.t.u. are utiUzed from each 
pound of coal? 

8. What two distinct types of furnaces are used? What are 
the distinguishing features? 

9. What is meant by the efficiency of a furnace? What 
efficiencies are obtained in ordinary practice? 

10. What patterns of valves should be used for radiators? 
What conditions of construction must be observed in making the 
connections between the radiator and riser? 

11. The heat loss from a shop is 36,000 B.t.u. per hour; 
how many linear feet of 2-inch pipe will be required to warm it, 
using low-pressure steam? 
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PART II 



1. How would you obtain the sizes of the cold-air and wann- 
air pipes connecting with indirect heaters in dwelling-house work? 

2. What is an aspirating coil, and what is its use? 

3. What efficiencies may be allowed for indirect heaters in 
schoolhouse work? How would you compute the size of an indirect 
heater for a room in a dwelling-house? 

4. How is the _ size of a direct-indirect radiator computed? 

5. A schoolroom on the third floor is to be supplied with 
2400 cubic feet of air per minute. What should be the area of the 
warm-air supply flue? 

6. What is the chief objection to a mixing damper, and how 
may 4;his be overcome? 

7. How many square feet of indirect radiation will be required 
to warm and ventilate a schoolroom when it is 10 degrees below 
zero, if the heat loss through walls and windows is 42,000 B.t.u., and 
the air supply 120,000 cubic feet per hour? 

8. What is the difference in construction between a steam 
radiator and one designed for hot water? Can the steam radiator 
be used for hot water? State reasons for answer. 

9. How may the piping in a hot-water system be arranged 
so that no air-valves will be required on the radiators? 

10. What efficiency is commonly obtained from a direct hot- 
water radiator? How is this computed? 

11. How should the pipes be graded in making the connec- 
tions with indirect hot-water heaters? Where should the air-valve 
be placed? 

12. Describe briefly one fonn of grease extractor. 

13. What is the office of a pressure-reducing valve in an 
exhaust-steam heating system? 

14. Upon what principle does a pump governor operate? 
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ON THE SUBJECT OF 
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PART III 



1. A main heater contains 1040 square feet of heating sur- 
face made up of wrought-iron pipe and is used in connection with 
a fan which delivers 528,000 cubic feet of air per hour. The heater 
is 20 pipes deep, and has a free area, between the pipes, of 11 
square feet. If air is taken at zero, to what temperature will it be 
raised with steam at 5 pounds' pressure. 

2. An 8-foot fan used for schoolhouse ventilation runs at a 
speed of 124 r.p.m. What horsepower of engine is required? What 
horsepower would be required if the fan were speeded up to 134.6 
r.p.m.? 

3. What precaution must be taken in connecting the radi- 
ators in tall buildings? 

4. Give the size of heater from Table XXXI which will be 
required to raise 672,000 cubic feet of air per hour, from 10** below 
zero to 95°, with a steam pressure of 20 pounds. If the air-quantity 
is raised to 840,000 cubic feet per hour through the same heater, 
what will be the resulting temperature with all other conditions the 
same? 

5. A fan running at 150 revolutions produces a pressure of 
i ounce. If the speed is increased to 210 revolutions, what ^will 
be the resulting pressure? 

6. A certain fan is delivering 12,000 cubic feet of air per 
minute, at a speed of 200 revolutions. It is desired to increase 
the amount to 18,000 cubic feet. What will be the required speed? 
If the original power required to run the fan was 4 h.p., what will 
be the final power due to the increased speed? 

7. What size fan will be required to supply a schoolhouse 
having 300 pupils, if each is to be provided with 3000 cubic feet of 
air per hour? What speed of fan will be required, and what h.p. 
of engine? 

8. What advantages has the plenum method of ventilation 
over the exhaust method? 
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Furnace 11, 30 

direct-draft 31 

indirect-draft 31 

Furnace heating 29 
care and management of furnaces 44 

chimney flues 38 

cold-air box 38 

combination systems 43 

combustion chamber 34 

efficiency 35 

firepot 33 

grates 32 

heating capacity 36 

heating surface 35 

location of furnace 37 

radiator 34 

registers 43 

return duct 39 

smoke-pipes 37 

types of furnaces 30 

warm-air pipes 40 



G 



Globe valve 

Grates 

Gravity circulation 

Grease extractor 



68 

32 

108 

137 



Greenhouses, heating and ventilation 

of 219 



H 



216 



Halls, heating and ventilation of 
Heaters . 

efficiency of 84 

types of 82, 104 

Heating capacity . 36 

Heating surf ace 35, 158 

Heating and ventilation 1^1 

air-filters and air-washers 204 

care and management « 221 
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Heating and ventilation (continued) 
care and management of hot-water 

heaters 126 
care and management of steam- 
heating boilers 102 
direct hot-water heating 107 
direct steam heating 52 
electric heating 196 
exhaust-steam heating 134 
fans 169 
forced blast 157 
forced hot-water circulation 127 
furnace heating 29 
heat loss from buildings 23 
hot-water heaters 104 
indirect hot-water heating 123 
indirect steam heating 81 
principles of ventilation 17 
steam boilers 46 
systems of warming 11 
temperature regulators 199 
vacuum systems 151 
of various classes of buildings 205 

Heating and ventilation of various 

classes of buildings 205 

apartment houses 219 

care and management 221 

churches 214 

greenhouses and conservatories 219 

halls 216 

hospitals 212 

office buildings 217 

school buildings 206 

theaters 216 

Heat loss from buildings 23 

causes of 23 

loss by air leakage 24 

loss by ventilation 28 

loss through walls and windows 23 

Heavy metal, problems for 340 
conical piece 352 
intersection between pipes of un- 
equal diameters 348 
moulded cap on stack 341 
scroll sign 352 
taper joints 344 
three-pieced elbow 346 
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Hip bath, pattern for 


262 


Hopper register box, pattern for 


309 


Hospitals, heating and ventilation of 212 


Hot-water heaters 


104 


care and management of 


126 


direct hot-water heating 


107 


forced hot-water circulation 


127 


indirect hot-water heating 


123 


Humidostat 


203 


I 
Indirect-draft furnace 


31 


Indirect hot-water heating 


15, 123 


flues and casings - 


125 


pipe connections 


125 


size of stacks 


124 


tjrpes of radiators 


124 


Indirect steam heating 


13,81 


cold-air ducts 


92 


dampers 


87 


direct-indirect radiators 


101 


efficiency of heaters 


84 


pipe connections 


99 


pipe sizes 


100 


registers 


97 


stacks and casings 


87 


types of heaters 


82 


vent flues 


93 


warm-air flues 


91 


Intersections and developments 


227, 


324, 348 


cylinder and cone 


324 



cylinder and octagonal prism 227 

hexagonal and quadrangular 

prisms 229 

quadrangular prism and sphere 235 
two cylinders of equal diameters 231 
two cylinders of unequal diameters 233 
two pipes of unequal diameters 348 
Irregular solid, pattern for 238, 242 



Light gauge metal, problems for 299 

curved rectangular chute 306 

hopper register box 309 
intersection between cyUnder and 

cone 324 
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light gauge metal, problems for (con- 
tinued) 
offset connecting round and oblong 

pipes 312 

rain-water cut-off 301 

tapering flange 321 

three-way branch 314 

transition piece in rectangular pipe 303 
transition piece from round base 

to round top 310 

true angles and lengths in oblique 

piping 299 

two-branch fork 318 

Low-pressure or vacuum systems 151 



M 
Mains, size of 

Methods of developing patterns 
Miter coil 
Motors for fans 

Moulded cap on stack, pattern for 
Multivane fan 



Nitrogen 



N 



O 



128 
227 
56 
187 
341 
170 



17 



Office buildings, heating and ventila- 
tion of 

Offset connecting round and oblong 
pipes, pattern for 

Offset valves. 

One-pipe circuit system 

One-pipe relief system 

Overhead distribution 

Oxygen 



217 

312 
68 
64 
62 

113 
17 



Pail, pattern for 259 

Parallel line development * 227 

Patterns 227, 237, 248, 299, 329, 340 

bath tub 254 

brewing kettle 339 

circular mould i 247 

circular tank 331 

conical "boss" 249 

conical piece 352 
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Patterns (continued) 

curved elbows 

curved rectangular chute 

elbows 

Emerson ventilator 

hip bath 

hopper register box 

intersections 

irregular solid 

moulded cap on stack 

offset connecting round and oblong 
pipes 

pail 

rain-water cut-off 

scalene cone 

scroll sign 

ship ventilator 

sink drainer 

sphere 

tapering flange 

taper joints 

three-pieced elbow 

three-way branch 

transition piece in rectangular pipe 303 

transition piece from round base 
to round top 

true angles and lengths in oblique 
piping 

two-branch fork 
Paul system 
Pipe, expansion of 
Pipe connections 99, 115, 126, 145, 167 
Pipe heaters, efficiency of 162 

Pipe sizes 70, 100, 120, 126, 169 

Piping, systems of 59, 111, 127 

Plenum chamber 170 

Plenum method 158 

Problems in sheet-metal work 

248, 299, 329, 340 
Propeller fan 181 

Pumps 130 



336 
306 
266 
263 
252 
309 
227, 324, 348 
238, 242 
341 



312 
259 
301 
239 
352 
279 
248 
245, 329 
321 
344 
346 
314- 



310 

299 

318 

155 

66 



R 

Radial line development 
Radiating surface 
Radiators 
cast-iron 



227 

53, 109 

34, 53, 101, 110 

53 



Radiators (continued) 

connections 

direct-indirect 

efficiency of 

location of 

pipe 

types of 
Rain-water cut-off, pattern for 
Reducing valves 
Registers 
Return duct 
Return pipes 
Retiun traps 



S 



Page 

65 

101 

67, 110 

69 

56 

124 

301 

136 

43,97 

39 

76 

142 



239 



Scalene cone, pattern for 

School buildings, heating and ventila- 
tion of 

School pin radiator 

Scroll sign, pattern for 

Sectional boilers 

Sheet-metal work 

approximate developments 

coppersmith's problems 

construction 

developments by triangulation 

intersections and developments 

patterns obtained by various 

methods 
practical workshop problems 
problems for Ught gauge metal 
problems for workers in heavy 

metal 
shop tools 
tables 

Ship ventilator, pattern for 

Shop tools 

Single pipe system 

Sink drainer, pattern for 

Smoke-pipes 

Sphere, pattern for 

Spray filter 

Stacks 
size of 

Steam-heating boilers, care and man- 
agement of 102 

Stoves 11 



206 
83 
352 
49 
225 
244 
329 
225 
237 
227 

227 

248 
299 



340 

226 

226 

279 

226 

128 

248 

37 

245, 329 

205 

81, 87, 124 

124 



Note. — For pao^ numhera see foot of pages. 



367 



6 



INDEX 



Systems of wanning 
direct hot-water 
direct-indirect radiators 
direct steam 
electric heating 
exhaust steam 
forced blast 
furnaces 

indirect hot-water 
indirect steam 
stoves 
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11 
14 
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12 
16 
15 
16 
11 
15 
13 
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Tables 

air-flow through flues of various 

heights 96 

air required for ventilation of vari- 
ous classes of buildings 20 
angle iron, weight of 296 

boiler, size of , for different condi- 
tions 48 
data concerning pipe heaters 164 
dimensions of heaters 165 
dimensions of oval pipes , 42 
direct radiating surface supplied 
by mains of different 
sizes and lengths of run 121 
disc fans, their capacity, speed, etc. 185 
effective areas of fans 177 
efficiency of radiators, coils, etc. 57 
fan speeds, pressures, and veloci- 
ties of air-flow 175 
firepot dimensions 37 
flow of steam in pipes of other 
lengths than 100 feet, 
factors for calculating 72 
flow of steam in pipes of various 

sizes 71 

flow of steam in pipes under initial 
pressures above five 
pounds, factors for cal- 
culating 71 
grate area for different rates of 
evaporation and com- 
bustion 47 
heating surface supplied by pipes 

of various sizes 74 
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Tables (continued) 

heat loss — southern exposure 24 

heat loss-^-other than southern 

exposure 25 

indirect radiating surface supplied 

by pipes of various sizes 101 
mains, sizes of, for various condi- 
tions 131 
number of changes of air required 

in various rooms 21 

pipe sizes 169 

pipe sizes from boiler to main 

header 77 

pipe sizes for radiator connections 76 
power required for moving air 
under different pres- 
sures 180 
quantity of air required per per- 
son 20 
radiating surface on different 
floors supplied by pipes 
of different sizes 121 
radiating surface supplied by pipes 

of various sizes 126 

radiating surface supplied by 

steam risers 75 

relative cost of heating S3rstems 14 
sheet copper 285 

sheet zinc 286 

sizes of registers for different sizes 

of pipes 43 

sizes for return, blow-off, and feed 

pipes 78 

sizes of returns for steam pipes 76 
square and round iron bars 294 

tee iron, weight of 296 

U.S. standard gauge for sheet and 

plate iron and steel 287 

warm-air pipe dimensions 40 

weight of various metals 28 1 

weights of flat rolled iron per linear 

foot 28S 

Tapering flange, pattern for 321 

Taper joints, pattern for 344 

Telethermometer 203 

Temperature regulators 199 

dampers 202 
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Temperature regulators (continued)] 

diaphragm motors 202 

humidostat 203 

telethermometer 203 

Thermostat 200 

Three-pieced elbow, pattern for 346 

Three-quarter housing 170 

Three-way branch, pattern for 314 

Transition piece in rectangular pipe, 

pattern for 303 

Transition piece from round base to 

round top, pattern for 310 

Triangulation development 227, 237 

irregular solid 238, 242 

scalene cone 239 

Trombone coil 65 

True angles and lengths in oblique 

piping, pattern for 299 

Tubular boilers 46 

Two-branch fork, pattern for 318 

Two-pipe system 59, 127 



Vacuum systems ' 151 

low-pressure or vacuum systems 151 

Paul system 155 
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Vacuum systems (continued) 

Webster system 151 
Vacuum valve 70 
Valves 68 
Valves and fittings 119 
Vent flues 93 
Ventilation (see ''Heating and Venti- 
lation") 11 
heat loss by 28 
horse-power 52 
principles of 17 

W 

Walls and windows, heat loss through 23 

Warm-air flues 91 

Warm-air pipes 40 

Water-tube boilers 49 

Webster system 151 

Workshop problems 248 

bathtub 254 

conical ''boss" 249 

elbows . 266 

Emerson ventilator 263 

hip bath 252 

pail 259 

ship ventilator 279 

sink drainer 248 
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